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Two cervical carcinoma cell lines, CC2 and CC3/CUHK3 
were established from two Chinese women with moderately and 
well differentiated cervical carcinomas, respectively. Only 
minimal morphological difference was found between two cell 
lines. However, the anchorage independent growth and the 
ability to form multicullar spheroids were only demonstrated 
in CC3/CUHK3. The average plating efficiencies were 2.13% in 
CC2 and 6-8% in CC3/CUHK3. The saturation density of CC2 was 
6.2x10^ while that of CC3/CUHK3 was 1.5x10^. The cell line 
CC2 had a population doubling time of 72 hours and the 
CC3/CUHK3 had only 42 hours. The chromosome number in CC2 
varied from 30 to 130 with a modal number of 75, while in 
CC3/CUHK3, the chromosome number was in the range of 55 to 
17 0, with the modal number 83. By the use of 
immunoperoxidase staining technique, keratin was 
demonstrated in both cell lines, confirming the epithelial 
origins of two cell lines. HPV capsid antigens were also 
detected in both cell lines. 
The HPV DNA probes employed for subsequent molecular 
studies were obtained as inserts in plasmids within the 
bacteria Escherichia coli• Large scale production of these 
HPV DNA sequences was accomplished through amplification and 
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isolation of the plasmids from the bacteria, and 
purification of inserted HPV DNAs by restriction enzyme 
digestion, electrophoresis and electroelution. 
HPV related DNA sequences were detected in both cell 
lines by the use of dot blot, Southern blot and in situ 
hybridization techniques. The copy number of HPV in CC2 and 
CC3/CUHK3 were found to be less than 10 in this study. 
Southern blot analysis of cellular DNA showed the deleted 
and rearranged HPV sequences integrated at single site 
within the CC2 genome. Complex, multiple integration 
pattern of HPV genome with deletion, amplification and 
subgenomic rearrangement was found in CC3/CUHK3 cells. 
Moreover, Northern blot analysis of cellular RNA revealed 
the presence of HPV specific transcripts in both cell lines. 
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CHAPTER 1 INTRODUCTION 
Carcinoma of uterine cervix is one of the commonest 
cancers in women. It is estimated that approximately 4 00,000 
women worldwide develops cervical cancer yearly (William 达 
al. , 1989) . Particulairly high incidence rates are found in 
Latin American and Caribbean. In Hong Kong, cervical cancer 
is the third commonest cancers in Hong Kong Chinese women 
with an annual incidence rate of 20.4 per 100,000 women. 
Epidemiologic evidence shows that cervical cancer 
has a multifactorial etiology involving infection with 
sexually-transmitted agents and cofactors such as pregancy, 
smoking, use of hormonal contraceptives and diet. Extremely 
close association between human papillomavirus and cervical 
cancer have been well established in the past decade with 
the rapid advances in recombinant DNA technology. 
In the present study, two cervical carcinoma cell 
lines have been successfully established and maintained. The 
morphology and various characteristics such as growth 
kinetics, anchorage independent growth, ability to form 
multicellular spheroids and chromosome number were studied 
and reported. The understanding of the biological properties 
of cervical cancer cell in vitro would be helphful in future 
pharmacological studies. 
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Various techniques for the detection of HPV DNA 
including dot blot. Southern blot and in situ hybridization 
methods have been utilized in this study. This would be of 
significant importance for the subsequent development and 
improvement of rapid, accurate, reliable and economical 
techniques for routine clinical diagnosis, retrospective 
studies of stored samples, prognostic and preventive 
screening of HPV associated cancar. 
Attempts were made to demonstrate the presence of 
specific HPV DNA sequences in two cervical cancer cell 
lines, and also to elucidate the copy number and the 
physical state of HPV genome in these cells. The 
transcriptional activity of HPV genome was also revealed in 
the present study. 
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CHAPTER 2 LITERATURE REVIEW 
2.1 THE CERVIX AND CERVICAL CANCER 
2.1.1 The normal cervix 
The uterine cervix is the lower part of the uterus. 
It joins the uterus upward and the vagina downward. The 
upper muscular portion and the lower fibrous cervix are 
divided by a fibromuscular junction, usually refers to the 
internal os. Histologically, the original epithelium lining 
the internal cervix is of different cell types. The 
epithelial cells near the uterine cavity are columnar while 
other area is lined by squamous epithelia. During late fetal 
life and adolescence, mainly in the first pregnancy, the 
squamous epithelium partially or completely replaces the 
original columnar epithelium by a process called squamous 
metaplasia. The transitional junction between two cell 
types is thus known as the transformation zone since this is 
where all the dynamic physiological and pathological 
processes are taking place. The epithelial instability at 
the junctional interface is of particularly importance and 
interest, since it provides a stage and site susceptible to 
the development of a lesion, or even a cancer (Jordan and 
Singer, 1976). 
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2.1.2 Epidemioloav of cervical cancer 
2.1.2.1 Incidence 
Cancer of the cervix is one of the two most frequent 
occurred cancers in the human female, lower in incidence 
only to breast cancer. As reviewed by Reeves ^ al. (1989), 
it is estimated that about 4 00,000 women in the world 
develop cervical cancer annually. Higher incidence rates are 
found in the developing countries such as Panama, Brazil, 
Mexico, Colombia and Peru where the annul incidence rates 
are reported to be over 20 cases per 100,000 women (Reeves 
et al. , 1989). The occurrence of cervical cancer also has 
racial difference. Higher incidence is found in black women 
and lower incidence is found in Jewish populations. In Hong 
Kong, there are 124 women died from this disease in 1988 
which represent a mortality rate of 4.5 per 100,000 
population (Director of medical and health department, 
Annual report, 1988). 
The incidence of cervical cancer is also age-
specific. The peak age incidence in women is 48 to 55 years 
old. The mean age is 53.8 while the median age is 51.5 years 
old. It was suggested that the age-specific differences in 
incidence rates are the result of different types of 
interactions among the various risk factors (Reeves 红 al., 
13 
1986). 
2.1.2.2 Risk factors of cervical cancer 
According to the early epidemiological data, the 
incidence of cervical cancer is higher in married women and 
women who have early first coitus, multiple sexual partners 
and with many pregnancies compared to the virgins, nuns and 
those women with late onset of first coitus, one sexual 
partner and with few or none pregnancy (Rotkin, 1973; 
Brinton 过 al. , 1986). Apart from the factors related to 
sexual behaviour, the incidence of cervical cancer is also 
associated with other risk factors. 
Cigarette smoking is one of the important factors 
associated with high incidence of cervical neoplasm and 
prolonged uses of oral contraceptives is another important 
factor (Vessey, 1986)• The suppression of immunological 
surveillance appears to increase the risks of cervical 
cancer (Schneider 驻 , 1983; Sillman 这礼，1984) . Diet 
was also shown to be related to the occurrence of cervical 
cancer since evidence suggested that lower intake of vitamin 
A, carotene, vitamin C and folacin are associated with 
cervical cancer (Brinton, 1986). 
Viral infection is another important risk factor of 
cervical cancer with an increasing evidence showing that 
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certain viruses such as herpes simplex virus (HSV) and human 
papillomavirus (HPV) are closely associated with the 
occurrence of cervical cancer (Reto, 1986). 
Apart from these factors relatine to the female, 
certain factors associated with the sexual partners of the 
women were found to play an exploratory role (Skegg et al.产 
1982)• As reviewed by Reeves 驻 al. (1989), the wives of men 
with penile cancer had significantly higher rates of 
cervical cancer. Moreover, the wives of men who had been 
previously married to women with cervical cancer were found 
to have higher rates of cervical cancer (Reeves 达 al., 
1986)• Finally, The incidence of cervical cancer is 
inversely correlated with socioeconomic status. Cervical 
cancer is more common in women of lower social class and 
with lower educational status (Peto, 1986)• 
2.1.3 Classification and grading of cervical cancer 
According to the histology of cervical cancer, about 
95% of cases belong to squamous cell carcinoma while 
adenocarcinoma and the mixed forms termed as adenoacanthomas 
make up the remaining 5% (Stanley 驻 , 1981) • 
The grading of cervical cancer is based on both the 
degree of cellular differentiation and the severity of tumor 
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invasion. According to the International Federation of 
Gynecology and Obstetrics staging system (Weid, 1961), 
cervical cancer is classified as follows : 
Stage 0: Carcinoma in situ 
Stage I: Carcinoma confined to cervix 
Stage lA: Microinvasive carcinoma 
Stage IB: All other cases of stage I 
Stage II: Carcinoma extends beyond cervix but not to 
pelvic wall. Carcinoma involves vagina 
but not lower third 
Stage IIA: No obvious parametrial involvement 
Stage IIB: Obvious parametrial involvement 
Stage III: Carcinoma has extended to pelvic wall. 
Tumor involves lower third of vagina. 
All cases with hydronephrosis or non-
functioning kidney included 
Stage IIIA: Lower third of vagina involved, but no 
extension to pelvic wall . 
Stage IIIB: Extension to pelvic wall and/or 
hydronephrosis of non-functioning kidney 
Stage IV: Carcinoma has extended beyond true pelvic 
or has clinically involved mucosa of 
bladder or rectum. Bullous edema of the 
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bladder wall or rectum does not 
constitute stage IV 
Stage IVA: Spread of growth to adjacent organs 
Stage IVB: Spread to distant organs 
The whole process of cervical cancer progression 
begins when anaplastic cells are found in the epithelial 
cells of the cervical epithelium. This is the stage known as 
dysplasia. As dyplasia progresses from mild to sever case, 
more and more cells are replaced by the anaplastic cells. 
The case of carcinoma in situ is defined when the entire 
thickness of the epithelium is replaced by the atypical 
cells. However at this stage, the anaplastic cells are 
confined to the mucosa without any penetration to the 
underlining basement membrane. The most severe case occurs 
when the atypical cells invade the tissues and organs under 
the changed epithelium. This final stage is known as the 
invasive carcinoma of the cervix. Moreover, according to 
Richart (1973) who emphasized the degree of invasion and the 
integrity of the basement membrane, all stages from mild 
dysplasia to carcinoma in situ is grouped under the heading 
: cervical intraepithelial neoplasm (CIN)• There are three 
grades of CIN : CIN 1 is defined as less than 1/3 of the 
thickness of epithelium is involved in cell alterations. CIN 
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2 refers to the involvement of 1/3 to 2/3 of the full 
thickness while in CIN 3, 2/3 to full thickness is involved. 
2.1.4 Etiology of cervical cancer 
Cervical cancer has long been recognized as the 
result of multistep changes of cervical epithelium (Robbins 
et al. , 1984) . Moreover, it is also known as the result of 
insufficient host response (i.e. immunological responses) to 
the factors that cause the cellular abnormalities. The 
transformation zone undergoing physiological changes may 
become atypical and eventually progress to cancer (Koss, 
1987). 
Nevertheless, the actual cause and mechanism of 
cervical cancer have not yet been completely elucidated. 
However, several risk factors have been shown to be 
associated with the occurrence of cervical cancer. 
Particular attention has been focused on two interrelated 
factors: sexual behaviour and viral infection. 
The hypothesis was developed from the study of the 
relationship between sexual behaviour and the incidence of 
cervical cancer. It leads to the speculation that some 
sexually transmitted agents may be associated with the 
disease. Rotkin (1967) suggested that an agent associated 
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with the male partner which can be transmitted by sexual 
intercourse was critical in the development of cervical 
carcinoma. Since then, many infectious agents have come 
under scrutiny such as Syphilis, gonorrhea, Trichraonas 
vaginalis, some strains of Chlamidia, cytomagalovirus and 
the most thoroughly investigated, herpes simplex virus type 
2 (HSV 2) and human papillomavirus (HPV) (Franceschi 达 丛 . ， 
1986)• 
In the early 1970s, scientists put much emphasis on 
the study of HSV in the pathogenesis of cervical cancer. HSV 
antibodies were found in a larger proportion of the patients 
with cervical carcinoma in contrast to the control group 
without the disease (Melnick and Rawls, 1974). However, it 
is difficult to interpret these studies due to the cross-
reactivity between HSVl and HSV2, and the inter-laboratory 
variability of the assays used. Prospective studies on the 
prevalence of HSV in the women with or without cervical 
cancer matched for age, sexual activity and smoking habits 
suggested that there is no relationship between the presence 
of HSV 2 antibodies and subsequent cervical cancers (Vonka 
et al., 1984). In addition, detecting HSV using specific DNA 
hybridization methods in a large number of biopsies of 
cervical cancer provided exclusively negative results (zur 
Hausen 红 仏 ， 1974) . Recently, studies of HSV using 
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molecular biology techniques failed to show any direct 
relationship between HSV and cervical cancer (McDougall et 
al• , 1986). On the other hand, as shown in the following 
paragraphs, an increasing amount of evidence has accumulated 
implying that HPV may play an important role in the etiology 
of cervical cancer 
A mechanism was proposed to explain the process of 
carcinogenesis in the uterine cervix as outlined by a 
schematic diagram in Figure 1.1. This is also consistent 
with the general concept of cancer formation. Basically, 
there are three stages essential in the formation of cancer, 
namely, initiation, promotion and progression (Berenblum, 
1981). Minor changes may occur after initiation stage and 
even the promotion stage can revert to the normal stage. 
However, as the changes progress, the process may become 
irreversible leading to the formation of malignant lesions. 
Several factors are considered to act on the 
different stages. Although HPV was found to be closely 
associated with cervical cancer, it has not been confirmed 
at which specific stage would HPV act. Nevertheless, the 
fact that there is a long lag time between the initial 
infection and eventual malignant conversion, and the 
spontaneous regression of many primary lesions infected with 
HPV (Koss, 1986) suggest that HPV possibly plays a role in 
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the initiation or promotion stage. HPV infection may lead to 
nuclear abnormalities, perhaps polyploidy and act as a 
predisposition factor (Koss, 1986) Carcinogenesis will occur 
only when the cells are under the stimulation of other risk 
factors e.g. smoking, and herpes viruses infection etc. 
(Koss, 1986). 
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A CONCEPT OF C A R C I N O G E N E S I S , 
Normal endocervical mucosa 
Reversible epithelial modifications 
Reserve cell hyperplasia 
Squamous metaplasia 
I N I T I A T I O N 
Dysplasia： a t ransit ional state 
PROMOTION [ - > 
Cancer of the c e r v i x 
The preinvasive stage 
P R O G R E S S I O N 
I n v a s i o n 
Metastasis . 
Fig. 1.1 A concept of carcinogenesis (Berenblum, 1981) 
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2.2 HUMAN PAPILLOMAVIRUSES (HPVs) 
2.2.1 General characteristics of human papillomaviruses 
Papillomaviruses are classified as genus 
Papillomavirus of the Papovairidae family. These viruses 
contain a double-stranded, closed circular DNA genome which 
is appoximately 8000 base-pairs in size corresponding to a 
molecular weight of 5.2x10^ daltons. The viral DNA is 
enclosed in an icosahedral capsid consists of 72 capsomeres. 
The papilloma viron has a diameter of SOnm and is relatively 
larger than viruses of the other genus, polyomaviruses 
(diameter, 40nm) of the same family. Papillomaviruses have 
not yet been successfully propagated in tissue culture. It 
is probably because the viral specific DNA synthesis, capsid 
synthesis, and assembly occur only in fully differentiated 
squmaous epithelial cells (Butel, 1972； Howley, 1982). 
2.2.2 Classification of HPVs 
It is not possible to type HPVs by serological 
methods yet, since there is no specific antisera capable to 
distinguish different isolates. However, different types of 
HPVs were demonstrated to share genus-specific common 
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antigen. The genus specific antigen is the major capsid 
protein of the viral particles with a molecular weight of 
5400-6300 daltons which can be detected by specific antisera 
raised against it • This viral protein is coded, by a. gene 
which is expressed when the host cells are in a highly 
differentiated stage and also, the detection of the antigen 
is closely related to the presence of virus particles in 
such cells under the electron microscope (Ferenczy 过 al., 
1981). 
The DNA of papillomavirus plays an important role in 
the classification of the viruses. According to the First 
工 International Conference of Papillomavirus, an independent 
type of the viruses is defined as showing less than 50% 
homology in DNA sequences to any known HPVs by using liquid 
hybridization under stringent conditions (Coggin, 1979). 
Those viruses with more than 50% DNA homology are considered 
as subtypes. To date,, up to 60 different types of HPV have 
been isolated and characterized (Ethel-Michele, 1989)• 
Specific types were found to be associated with different 
diseases or highly correlated to cancers in particular 
geographic regions. The HPV types commonly detected in 
cervical tumours are summarized as follows : 
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Table 1.1 HPV detected in cervical carcinomas 
(Villiers, 1989) 
HPV Isolated from Associated lesions 
type 
6 Condyloma acuminatum CIN^ 
11 Laryngeal papilloma CIN 
16 Cervical carcinoma CIN, cervical carcinoma 
18 Cervical carcinoma CIN, cervical carcinoma 
30 Laryngeal carcinoma CIN 
31 CIN CIN, cervical carcinoma 
33 Cervical carcinoma CIN, cervical carcinoma 
34 Bowen丨s disease CIN 
35 Cervical adenocarcinoma CIN, cervical carcinoma 
39 PINb CIN, cervical carcinoma 
40 PIN CIN 
42 Vulvar papilloma CIN 
43 Vulvar hyperplasia CIN (normal cervical mucosa) 
44 Vulvar condyloma CIN (normal cervical mucosa) 
45 CIN CIN, cervical carcinoma 
51 CIN CIN, cervical carcinoma 
52 CIN CIN, cervical carcinoma 
56 CIN, cervical carcinoma CIN 
57 Inverted papilloma of CIN 
the maxillary sinus 
a CIN : cervical intraepithelial neoplasia 
b PIN ： penile intraepithelial neoplasia 
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2.2.3 Molecular biology of HPV 
The HPV genome is studied in a comparative way with 
the well characterized bovine papillomavirus type 1 (BPV-1) 
genome (Chen 这 红 • ， 1982), since BPV-1 is easily accessible 
and in vitro transformation assays for BPV-1 is available. 
Subsequent investigations using mainly DNA sequencing and 
colinear DNA comparisons were performed and the genomic 
organization of HPV was established which is shown in Figure 
1.2. 
E6 E2 LI 
E7 El E5 L2 
E4 
I I I I I I I 1 1 
0 1000 2000 3000 4000 5000 6000 7000 7905bp 
Fig. 1.2. Genomic organization of the HPV DNA (McCance and 
Ho11ingworth, 1990) 
The HPV genes were determined on the basis of the 
availability of open reading frames (ORFs) which are the 
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gene areas with protein coding potential. Basically, HPV 
genomes are analogous to that of the BPV-1 genome which 
contain gene sequences for early transcription, termed as 
early genes (El to E7) and two genes (LI and L2) for late 
transcription. Moreover, there is an upstream regulatory 
region responsible for the transcriptional control of the 
HPV genome (Waldeck 过 , 1984 ； Broker, 1987). 
A lot of effort has been spent on • revealing the 
functions of specific gene regions. Among these, the E2, E6, 
E7 and the two late gene regions LI ans L2 are most 
extensively studied. The E2 gene of HPV was believed to 
encode a transcriptional transactivation factor which when 
disrupted, could result in abnormal gene expression (Phelps 
and Howley, 1987； Schneider-Maunoury 红 红 • ， 1987). This 
occurred commomly in most cervical carcinoma cells in which 
the integration sites of HPV DNAs are usually at the E2 
region (Lehn 红仏，1985; Awady 驻丛•，1987; Baker 过红•， 
1987 ； Schneider-Maunoury 过丛•， 1987； Shirasawa 娃丛•， 
1987 ； 1988) . E6 and E7 genes are the regions studied most 
extensively. Since these two genes had been found closely 
related to the transformation activity of HPV in specific 
rodent cells in cooperation with an activated ras gene and 
in HPV immortalized human keratinocytes (Bedell 娃丛•‘ 
1987; T s u n o k a w a ,娃丛 •， 1986; Yasumoto,1986； Phelps 驻丛•， 
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1988) • The LI and L2 late gene regions are responsible for 
the production of major and minor capsid proteins (M.V7. 
54,000 and 76,000 daltons respectively)(Reid and Campion, 
1988). 
Apart from these, other ORFs have been shown to have 
different functions. The E4 region encodes several 
cytoplasmic proteins which are related to the koilocytotic 
changes of the infected cells. The E5 region also plays a 
role in transformation, by producing a small protein which 
binds to cytoplasmic membrane. It is believed that deletion 
of the E5 protein perhaps favors integration of viral DNA 
into the cellular chromosome (Broker 1987 ； Reid and Campion, 
1988). 
2.2.4 Association of HPV and the cervical cancer 
The speculation of the relationship between HPV and 
cervical cancer arised from the epidemiological data. Since 
cervical cancer is closely related to sexual promiscuity, 
early age at onset of sexual activity, such relationship 
suggested that cervical cancer follows a pattern 
characteristic of venereally transmitted disease (Kessler, 
1976). The first concrete evidence for the association of 
HPV and cervical cancer was presented by Meisels and Fortin 
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in 1976 and Purola and Savia in 1977. Both of them observed 
the morphological changes which appeared as hyperchromatic 
nuclei surrounded by clear perinuclear vacuoles in cervical 
cells from patients with dysplasia and -carcinoma were 
similar to the cells from papillomavirus infected tissues. 
In early studies (Koss, 1956), this cytological typicality 
was characterized as koilocyte. The koilocytotic cells had 
been reported in most cervical smears and biopies showing 
dysplasia or cervical carcinoma. 
Moreover, papillomavirus particles were detected by 
electron microscopy in the koilocytotic cells (Hills 红 丛 . ， 
1979) and approximately 50% of cervical dysplasia were found 
to have positive reaction with antisera against the 
papillomavirus group-specific antigen in the superficial 
koilocytotic cell layers (Kurman 达丛 •， 1 9 8 1 ) , proving the 
presence of papillomavirus in such cells and suggestin an 
etiological role. 
Kreider and co-workers (1986) presented the first 
in vitro model for HPV infection in which normal cervical 
cells were found to be infected by the HPV from condyloma 
acQuminata and developed into condylomatous lesions. HPV DNA 
was subsequently detected in these cells. 
Subsequently, HPV DNA was shown to be able to 
transform mouse NIH3T3 cells (Tsunokawa 丝 丛 •， 1986; 
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Yasumoto 过丛•， 1986), rat 3Y1 cells (Matlashewski 选 al.. 
1987) and human fibroblasts and keratinocytes (Pirisi et 
al. , 1987). Retrospective studies using nucleic acid 
hybridization techniques revealed the direct relationship of 
HPV in most cervical cancer and genital warts (zur Hausen, 
1988)• These results also demonstrated the preferential 
distribution of certain specific HPV types in genital warts 
and invasive cervical cancers. 
In general, HPVs 16, 18 and 31 are predominantly 
found in human cervical carcinoma, moderate and severe 
dysplasia, while HPVs 6 and 11 are mostly detected in 
genital warts, condylomata accuminata and mild dysplasia. 
(Durst 娃丛•， 1983 ； Crum 娃仏，1984 ； McCance 红丛•， 
1985; McCance and Compion 丝丛.1985) . HPV 16 and 18 were 
demonstrated in approximately 70% of cervical cancer 
(Gissmann and Schwartz, 1986). As cervical dysplasia 
comprises of benign and premalignant lesions, it is 
suggested that the biological behavior of dysplasia relates 
to specific HPV types. 
2.2.5 Nature history of genital HPV infection 
The events occurred after HPV infection can be 
divided into several phases according to Campion (1989) 
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including the incubation phase and the active expression 
phase. The incubation phase is the phase after HPV 
infection, and viral DNA is transcribed and translated at 
the site of entry. The expression of viral specific 
transforming genes as well as viral structural genes 
resulted in the replication of viral genomes and 
transfection of adjacent cells. This period ranges from 6 
weeks to 8 months. 
The second phase is the active expression period. 
The entry of this period depends on both the host factors 
e.g. cell permissiveness, host susceptibility, cofactor 
activity, and viral factor such as the specific viral types. 
Rapid epithelial proliferation resulting in acanthosis, 
hyperchromasia and extensive capillary growth occur within 3 
to 6 months. Subclinical infection occurs only if the 
capillary growth is insufficient to produce a wart. The host 
immune response normally occurs 3 months after the emergence 
of clinical or subclinical lesions. 
Different lesions will develop and are dependent on 
the host immune status. In milder cases, external condylomas 
develop and about 20% of these lesions will undergo 
spontaneous regression. In another 60%, clinical remission 
will last until the localized destruction of the condylomas. 







treatment, e.g. extensive laser surgery or interferon. | 
！ I 
The alternative outcome of HPV infection is the 
i 
development of neoplasm. About one third of minor-grade 
lesions will evolve into cervical intraepithelial neoplasia 
grade three (CIN3), one third will regress while the 
remaining will persist without further changes for years 
(Richart and Barron, 1969； Compion 红 丛 • ， 1986). Those 
regressed lesions remain at high risk of future recurrence. 
In the late phase (about 9 months later), there will be two 
distinct outcomes: patients with lesions remain in sustained 
clinical remission and patients with continued active 
disease expression. It is clear that patients of the later 
group represent those most likely to have neoplastic 
progression. 
2.2.6 Molecular mechanism of HPV oncogenesis 
As mentioned above, the evidence for the association 
of HPV with cervical cancer has long been established and 
strongly supported by epidemiological studies. However, as 
none of the HPV has yet successfully been propagated in 








carried out with the cloned HPV genome. Extensive 
investigations especially those concerning specific gene 
regions relating to transformation have been conducted with 
molecular biology techniques developed in the past decade. 
The elucidation of the mechanism of HPV in cervical 
cancer carcinogensis has been going on step-by-step• In the 
middle of 1980 * s, by using nucleic acid hybridization 
techniques, it was found that the E6-E7 region of HPV is 
consistently retained and expressed in cervical tumor cell 
lines, indicating that these regions are important in 
transformation (Schwartz 过 丛 • ， 1985； Schneider-Gaedicke 
and Schwartz, 198 6; Baker 丝丛•， 1987). Also, these regions 
are found to be sufficient for the transformation of NIH3T3 
and Rat-1 cells (Bedell 过红•，1987) indepentent of other 
HPV specific genes. This helps to narrow down the problems 
associated with the actual mechanism of HPV carcinogenesis. 
In 1988, Storey and co-workers carried out the 
transformation assay. Specific gene regions (ORFs) were 
cloned into plasmids within the bacterial cells were 
transfected with the cell line. More transforming foci were 
found in cells transfected with the cloned E7 gene than 
other genes (Storey 红丛•， 1988) . Thus the E7 gene was 
proven to be the most important gene in transformation 
activity. 
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In 1988, the E7 gene was first shown to be able to 
transactivate the adenovirus E2 promotor, a function 
normally of adenovirus gene Ela which is important for the 
cooperation of Ela gene product with ras oncogene in the 
transformation of primary rat cells (Pelps 过 al. , 1988). 
Moreover, the Ela gene product of adenovirus has amino acid 
sequences similar to an area of the E7 product of HPV (Pelps 
et al• , 1988) . Recently, it was proved that E7 protein 
itself could react with the retinoblastoma (RB) gene 
product, which is an anti-oncogene. Hence the binding of E7 
protein to the anti-oncogene results in the release of tumor 
suppressive function of this anti-oncogene and leads to the 
predisposition of cancer occurrence (Dyson 过红 .， 1 9 8 9 ) . 
In addition, the E6-E7 gene region of HPV is usually 
found to be present in an integration state and integration 
usually occurs in the El or E2 regions of HPV genome 
(Schwartz 达红•，1985; Durst 达丛•，1986). The E2 region 
encoded proteins are able to transactivate and deregulate 
transcription of other genes (Chin 达 丛 • ， 1 9 8 8 ) • Thus, it 
was suggested that integration may result in uncontrolled 
transcription of E7 and affect the balance of virus-cell 
interaction, leaving these cells susceptible to other 
factors which could lead to a malignant transformation 
(McCance D.J. 1988). 
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2.2.7 Other human cancers associated with HPV infection 
With the advances of DNA detection techniques, HPV 
infections . have been found in other sites than the 
anogenital region. Tissues comprised of squamous epithelium 
appeared more likely to be infected by HPV. By the use of 
nucleic acid hybridization techniques, HPV DNA sequences are 
found in oral papillomas (Loning 驻 丛 • ， 1985； Jenson 驻 
al., 1982), verruous carcinoma of the larynx (Bransdsma et 
al• , 1986), laryngeal carcinoma (Kahn 红 al.• 1986), and 
esophageal carcinoma (Winkler 驻 al., 1985). 
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2•3 CULTURE OF CANCER CELLS 
Tissue culture technique was developed as a tool for 
studying the behaviour of animal cells under laboratory 
conditions which is free of systemic variations. The first 
humun tumour cell lines was established by Gey and his co-
workers in 1952, which is a cervical carcinoma cell lines, 
and was named HeLa (Gey 过 紅 • ， 1 9 5 2 ) . Since then, tissue 
culture technology has been applied to a variety of areas 
including medicine and industry. The most sophisticated 
fields in which the tissue culture techniques played an 
important role are the two major branches of medical 
researches : the production of antiviral vaccines and the 
understanding of neoplasia (Nederman, 1984 ； Sasaki g al •, 
1984; Kwok and Twentymam, 1985). 
2.3.1 The establishment of cell lines 
A cell line is usually established from a fragment 
of tissues. The first generation of cells developed from the 
tissue explant is named as primary cell culture. Primary 
culture bears the most resemblance to the parent tissues in 
morphology. After first subculture or passage, a cell line 
is established and these cells may be propagated and 
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subcultured several times. Most cell lines may be propagated 
only for a limited number of cell generations and may either 
die out or give rise to continuous cell lines. Usually, 
cells have greater capacity for genetic variation which 
allow them to withstand subsequent selection pressure such 
as repeated trypsinzation and deficiences in specific growth 
requirements, will give rise to permanent cell lines. 
Therefore, most normal cells do not give rise to continuous 
cell lines but many cancer cells do since they usually 
showed greater genetic instability and variation compared to 
normal cells (Hayflick and Moorhead, 19 61; Freshney, 1983). 
2.3.2 Characteristics of cancer cells in culture 
Continuous cancer cell lines usually show reduced 
serum requirement and reduced density limitation of growth 
in nature (Eagle 红丛•， 197 0 ； Lindgren 过公.，1975) . The 
low serum requirement may probably due to the secretion of 
growth factors (Todaro and deLarco, 1978) . Cultured cancer 
cells can grow in semisolid media such as softagar (Harrris, 
1973) as well as on monolayer support and have increased 
cloning efficiency implying their increased independence 
from the influence of environmental factors. The growth 
kinetics of cancer cells in limited culture area showed a 
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pattern of sigmoidal curve having three phases, namely tho 
resting phase, the log growth phase and the equilibrium 
phase. In addition, changes in cell cytoskeleton and cell 
surface components were found in cultured cancer cells (Raz 
and Gerger, 1982) • Alterations in special enzyme production 
such as protease and the needs for extracellular matrix 
components were also reported in cultured cancer cells 
(Liotta 这红•， 1983). 
Furthermore, cancer cells grown in culture may form 
multicellular spheroids which are round cell aggregates. The 
outer few cell layers of the spheroids are cells in 
proliferating phase while cells located in the centre become 
necrotic (Yuhas e^ 丛•， 1977). The formation of 
multicellular spheroids is suggested to be the unique 
characteristics of cancer cells in culture, since non-tumour 
cells have not been found to be able to grow as spheroids 
(Carlsson 驻红•， 1985). The multicellular spheroids can be 
used for the establishment of cell lines (Bruland 红 
al.,1985) and as models of solid tumours in vitro due to 
their close resemblance in morphology (Wibe 过红•，1984). 
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2.3.2 Chromosomal aberrations in cancer cells 
The early study of chromosomal aberration was on the 
HeLa cell line in which the chromosome number was found to 
be 71 to 90 (Hsu and Moorhead, 1957) . Later on, more and 
more evidences on chromosomal abnormalities of cancer cells 
were established (Bottomley 红仏，1969 ； Hu 过紅•，1984) 
suggesting its detection may play an important role in the 
diagnosis of malignant tumours. 
The commonly observed chromosome aberration in 
cancer cells is aneuploid. This may be explained by the 
occurrence of mitotic abnormalities such as multi-polar 
divisions, endoreduplication and endomitosis, resulting in 
chromosome number more or less than diploid state (Oksala 
and Therman, 1974) . Apart form the abnormal chromoaome 
numbers, structural abnormalities such as chromosome 
breakage and rearrangements are frequently found in 
malignant cells. Examination of chromosomal abnormalities 
has become more and more important with the advances of 
somatic cell hybridization and in situ DNA hybridization 
techniques. The specific locations of target genes such as 
oncogenes, genes associated with hereditary diseases and 
even anti—oncogenes can be revealed on specific sites of 
chromosomes by the use of such techniques (Martinville ^ 
红.，1983； Koufos 驻 红 • ， 1984； LeBeau, 1986). 
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2•4 METHODS FOR THE DETECTION OF HPV INFECTION 
2.4.1 Techniques for the detection of HPV 
The early evidence of HPV infection came from the 
observation of clinically apparent lesions associated with 
condyloma acuminatum. As the techniques for detecting HPV 
infection developed, more and more subclinical infections, 
and in some instances, latent infections had been found 
(Roman and Fife, 1989) . Clinical assessment, limits the 
detection of HPV infection to those lesions which are 
clinically observable only. Therefore, the following review 
will concern only about the methods used in laboratory. 
2.4.1.1 Electron microscope examination 
The electron microscope (EM) can be used to detect 
viral particles and have been successfully used to identify 
HPV virions in biopsy specimens and smears (Reid ^ al., 
1980) • However, since HPV cannot be propagated in tissue 
culture, EM examination is limited to fresh specimens or 
biopsies. Moreover, as mentioned above, the virions can be 
found only in the koilocytdtic and dyskeratotic cells. 
Infected cells located other than these sites but harboring 
the viral DNA persistently which can be potentially, 
carcinogenic are not detected. 
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2.4.1.2. Immunocytochemical test 
The cross-reactivity of antibodies among papilloma-
viruses from different species (cottontail rabbit, bovine 
and human) was first reported by Orth 过 in 1978, and 
thereafter, confirmed by other investigators (Jenson 驻虹.， 
1980; Kurman 过 丛•， 1981) . At present, antiserum is 
available commercially which reacts with antigens shared by 
all papillomaviruses, termed as type-common or group-
specific antigens. These group specific antigens are the 
papillomavirus structural proteins encoded by the late gene 
region LI. Detection can be performed by either the 
peroxidase-antiperoxidase method or the avidin-biotin 
complex method. 
2.4.1.3 Nucleic acid hybridization 
Earlier to the sequencing and mapping of papilloma-
virus genomes, the fact that papillomavirus DNAs isolated 
from different species were proved to contain conserved 
sequences. The conserved sequences could be detected only by 
nucleic acid hybridization methods when the hybridization 
conditions were relaxed sufficiently to allow detection of 
25% base pair mismatch (Law ^ , 1979) . These 
observations had been confirmed and extended later by both 
DNA sequences comparisons and heteroduplex analysis. The 
41 
areas of greatest conservation are El, LI, E2 and L2 (Danos 
丝 , 1983 ； Broker 达此，1986; Giri and Danos, 1986), 
which are important for the detection and classification of 
new papillomavirus types. In other words, nucleic acid 
hybridization procedures capable of detecting- DNA sequences 
of particular sizes is useful in typing of HPV. 
2.4.1.4 Polymerase chain reaction 
Polymerase chain reaction (PGR) is the most recent 
method used in detecting HPV infection (Morris and Flanayan, 
1988,• Young ^ , 1988; Tidy ^ , 1989) . This method is 
based on the principle of DNA replication. After a series of 
repeating dissociation of DNA doubled strands, synthesis of 
DNA by a primer-directed polymerase and reannealling of DNA 
helix, a small DNA fragment can be amplified over a million 
times in a few hours (Saiki 过 红•， 1985; Mullis and 
Faloona, 1987 ； Saiki 红 紅 • ， 1988) / Knowledge of DNA 
sequences is required for the use of polymerase chain 
reaction since primer sequences should be synthesized 
firstly. Moreover, the problem of false-positive due to 
contamination is also magnified, as any contaminant will be 
greatly amplified by this extremely sensitive system (Roman 
and Fife, 1989； Syrjanen, 1990). The products of PGR are 
usually subjected to hybridization with the target probes 
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for confirming the amplified products. 
2.4.2 The role of nucleic acid hybridization techniques for 
the detection of HPV infection 
Electron microscopy, immunocytochemistry and 
molecular hybridization play different roles in the 
understanding of the biological features of HPV infection. 
The observation of viral particles on electron microscope 
indicates complete viral assembly and a positive 
immunocytochemical reaction implicates synthesis of viral 
capsid proteins. However, negative results on EM examination 
and immunocytochemical studies do not necessarily exclude 
the presence of HPV since viral DNA may be present 
persistently in a lesion without synthesis of structural 
viral proteins necessary for encapsidation• Nucleic acid 
hybridization techniques thus provide a means for the 
detection of HPV DNA in clinical samples. Moreover, as 
mentioned above, different types of HPVs possess different 
oncogenic potentials, it is important to screen for "high 
risk" HPV types in potential cancerous lesions. Since type-
specific antigen has not yet been developed and no 
morphological difference is present between different HPV 
types, EM observation and immunocytochemical test play no 
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role in the typing of HPV. On the other hand, by the use ol 
different stringency in molecular hybridization techniques, 
typing of HPV become possible. 
For the purpose of typing HPV, Southern blot 
hybridization technique is most useful. It is because DNA 
fragments of particular sizes after restriction endonuclease 
digestion can be distinguished (Southern, 1975)• other 
hybridization methods include dot blot hybridization, in 
situ hybridization, reverse blot hybridization and filter in 
situ hybridization techniques which are all applicable to 
both DNA and RNA. Northern blot hybridization however, 
refers to hybridization involved fixation of RNA onto the 
solid support. 
2.4.3 Principles of nucleic acid hybridization techniques 
The principle of nucleic acid hybridization is 
simple as it depends only on the chemical structure of DNA. 
Hybridization usually needs a probe which is a small DNA 
fragment labelled with radioisotope or other detectable 
molecules. Since both the probe DNA and the sample DNA are 
double-stranded, a denaturation.step for separating the two 
strands is carried out before mixing of the 2 sets of DNA. 
The method of denaturation commonly used is heating the DNA 
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above its melting temperature (Tm) at which the 2 strands 
dissociate. This denaturing temperature depends mainly on 
the ratio of deoxyguanosine and deoxycytidine triphosphates 
(G+C ratio) of the DNA. The single-stranded DNA of the probe 
and the sample are then mixed and hybrids are formed when 
the temperature is lowered (Wahl 红 丛 • ， 1987； Lorincz, 
1987). 
In general, the specificity and stability of 
hybridization is governed by the stringency. The stringency 
is determined by the temperature, ionic strength or salt 
concentration, base composition of the DNA, length of hybrid 
and the degree of mismatch between two strands. The 
relationship of these factors can be expressed as the 
formula : 
Tm = 81.5+16.6(logM)+0.41(%G+C)—••72(%fonnamide) 
where Tm is the melting temperature (temperature at which 
half the duplexes have dissociated; M is the monovalent 
cation concentration in moles per liter; %G+C is the 
percentage of guanine-plus—cytosine residues in the DNA. 
Practically, modification of stringency during 
hybridization is achieved mainly by altering the salt 
concentration, the temperature and the percentage of 
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formamide. A rough guide is that for every 1� C below Tm, l% 
mismatch is picked up. Thus at 25°C below Tm, the probe will 
pick up DNA which is 75% to 100% homologous. The optimal 
temperature for hybrid reassociation is 25°C below Tm of the 
duplex. 
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CHAPTER 3 MATERIALS AND METHODS 
3.1 CHARACTERIZATION OF CERVICAL CARCINOMA CELL LINES 
Two cervical carcinoma cell lines have been 
established and characterized with respect to the features 
of morphology of cells growing in both solid and semi-solid 
support (collagen gel), growth kinetics, multicellular 
spheroid formation, plating efficiency and chromosome 
number. For the confirmation of the cell type, keratin was 
tested with the use of immunocytochemical method. 
3.1.1 Materials and solutions 
Cervical carcinoma cells are permanently maintained 
by continuous culture. The sources of medium, chemicals and 




Medium RPMI 164 0 Sigma 
Medium 199 Sigma 
Antibiotics Penicillin Sigma 
Streptomycin Sigma 
Enzymes Type III trypsin Sigma 
Colcemide Sigma 
Reagents Agar Noble Difeco 




Osmium tetraoxide Kemox(UK) 
HEPES Sigma 
lead citrate EMS 
Spur resin Polysciences 
Uranyl acetate EMS 
Solutions for characterization of cell lines 






Phenol Red 0.Olg 
double distilled H2O to 1 liter 




double distilled H2O to 1 liter 
adjust to pH 7.2-7.3, and millipore filter 
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Growth medium for CC3/CUHK3 
per 100 ml RPMI medium 
FCS 5 % 
penicillin lOOIU/ml 
streptomycin lOOjug/ml 
Growth medium for CC2 









3.1.2 Establishment of cervical carcinoma cell lines 
Two cervical carcinoma cell lines, designated CC2 
and CC3/CUHK3 have been established in our laboratory by 
the use of primary explant technique. 
The CC2 was developed from a surgical specimen from 
a Chinese woman with a moderately differentiated squamous 
cell carcinoma of the uterine cervix while the CC3/CUHK3 was 
established from a biopsy taken from another Chinese woman 
with a well differentiated squamous cell carcinoma of the 
cervix. 
Specimens taken from the patients were first sliced 
into 1 mm^ tissue fragments and washed twice with medium 199 
supplemented with HEPES, 15% fetal calf serum (FCS), 
200IU/ml penicillin and 2 00Aig/inl streptomycin. The washed 
tissue fragments were then transplanted onto 25cin2 prewetted 
tissue culture flask (Sterilin) and incubated at 3 7� C in an 
atmosphere of 5% carbon dioxide in air. Usually, the 
outgrowth from the explants consisted of epithelial-like 
cells and fibroblasts. The scraping method was thus used for 
keeping the fibroblasts from overgrowing the carcinoma 
cells. 
First subculture was attempted as the outgrowing 
cells covered approximately one half the total area of the 
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culture flask. Double trypsinization was used to remove the 
remaining fibroblasts in the primary cultures. Cells were 
washed with 5inl BSS and EDTA (Gibco) and then trypsinized 
with 5ml 0.05% type III trypsin at 3 7� C until the 
fibroblasts were detached from the tissue culture flask. 
After the detached cells and trypsin were removed, another 
5ml fresh 0.05% type III trypsin were applied again. Growth 
medium RPM工-1640 supplemented with fetal calf serum (FCS) 
was added to stop the action of trypsin. Cells were 
collected by centrifugation at 1,300 rpm for 5 minutes and 
transferred into new tissue culture flask. The CC2 cells 
were finally cultured in RPMI—1640 supplemented with 10% 
fetal calf serum (FCS) , lOOIU/ml penicillin and lOO/xg/ml 
streptomycin, whereas CC3/CUHK3 cells were grown in RPM工-
1640 supplemented with 5% fetal calf serum, lOOIU/ml 
penicillin and lOO/ig/ml streptomycin. Media were changed 
whenever the colour of the medium turned yellow which 
represented the pH was at or below 6.5. Subculture was 
performed when the cells in the flasks were confluent. 
Different passages of cells were frozen down in inediuin-199 
with 20% FCS and 10% dimethylsulphoxide (DMSO) in ampules 
and stored in liquid nitrogen. 
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3.1.3 Morphological studies of cervical carcinoma cells 
3.1.3.1 Phase contrast microscopic study 
Cultured CC2 and CC3/CUHK3 cells were examined 
periodicly with a phase-contrast microscope. Subculture was 
carried out when the cells were confluent on the flasks 
monitored under the phase-contrast microscope. 
3.1.3.2 Transmission electron microscopic study 
Cultured cells were prepared for both transmission 
electron microscopic (TEM) and scanning electron microscopic 
(SEM) studies. For TEM study, cells growing on tissue 
culture flask were trypsinized with Sml 0.05% type 工工工 
trypsin and collected by centrifugation. The pellets were 
fixed with 2.5% glutaraldehyde in 0.IM sodium cacodylate 
buffer (pH7.4) for 1 hour at 4°C and then washed with the 
same buffer. Post-fixation with 1% osmium tetroxide in 
sodium cacodylate buffer was carried out for another hour. 
The cells were then dehydrated through ascending series of 
ethanol, infiltrated with 1:1 mixture of absolute ethanol 
and Spur resin for 1 hour at room temperature and then with 
pure Spur resin overnight. The embedded specimens were 
placed in an oven at 70°C overnight to allow polymerization 
of the embedding medium. Thick and thin sections were cut by 
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a Reichert-Jung ultracut. Thick sections (5/im) were stained 
with toludine blue for light microscope examination, while 
thin sections (50-70nin) were mounted on a 200 - mesh nickel 
grid (EM scope), stained with uranyl acetate and lead 
citrate and examined with a JEOL 100 CXII electron 
microscope at 80 kV. 
3-1.3.3 Scanning electron microscopic study 
For scanning electron microscopic study, CC2 and 
CC3/CUHK3 cells were first seeded onto plastic coverslips. 
After the cells were at 80% confluent, the coverslips were 
washed with BSS twice and fixed in situ with 2.5% 
glutaraldehyde in 0. IM sodium cacodylate, pH7.4 at 4°C. The 
fixed specimens were rinsed, dehydrated in an ascending 
series of ethanol to an ascending series of Freon 113 in 
absolute ethanol. The specimens were then critical-point 
dried with a Ladd critical point drier at a constant 
temperature of 38°C at 561 psi and Freon 113 was replaced by 
Freon 13. The dried coverslips were mounted on copper stubs 
and coated with gold-palladium and examined with a JEOL 35CF 
scanning electron microscope at 15 kV. 
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3.1.4 Examination of cervical cancer cells cultured on 
collacfen gel 
3.1.4.1 Preparation of collagen gel 
Collagen gel was prepared as described by 
Michalopoulos and Pitot (1975)• Tails of mature rats were 
cut off and collected in ethanol. After the removal of 
ethanol, the tails were cut into pieces. Collagen fibers 
were dissected out, collected and weighted. SOOml 1:1000 
0.5N acetic acid per g collagen were added and stirred for 2 
days at 4°C. The collagen solution in acetic acid was 
centrifuged at 2300g for 2 days at the same temperature. 
Clear supernatant was poured off and stored in sterile 
bottles at 4°C for future use. 
For the preparation of collagen gel, 0.85inl of the 
collagen solution was rapidly mixed with 0.2 ml of a mixture 
containing 1:1 by volume lOX culture medium and 0.34N NaOH. 
The collagen gel mixture was spread evenly in sterilized 
petri dishes and left for 30 seconds for hardening. Finally, 
the gel formed were sterilized by UV irradiation for 15 
minutes (Schor 1980)• Culture medium was added to 
equilibrate the gel overnight in a 37°C CO2 incubator. 
3.1.4.2 Study of cervical cancer cells on collagen gel 
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under TEM and SEM 
Cervical carcinoma cells were seeded onto tissue 
culture dishes coated with a layer of collagen gel. After 
the cells were at 80% confluent, the cells in dishes were 
rinsed with BSS and fixed in situ using 2.5% glutaraldehyde 
in 0. IM sodium cacodylate buffer, pH7 • 4 at 4°C. The fixed 
specimens were prepared as sections 3.1.2.2 & 3.1.2.3 for 
tEM and SEM studies. 
3.1.5 Growth kinetics study 
• Growth kinetics was determined by cell counting. 
CC2 and CC3/CUHK3 cells of passage 57 growing on 25 cm^ 
tissue culture flasks were washed with BSS and trypsinized 
with 0.05% type III trypsin. 1.7x10^ CC2 and CC3/CUHK3 cells 
were seeded into each of 24-well cell culture plates 
(Falcon)• Cells in four wells were harvested everyday at the 
same time. The cells were washed with BSS and treated with 
0. Iml 0.05% type III trypsin. The reaction of trypsin was 
stopped by adding 1 ml of growth medium. Rapid pipetting 
were carried out in order to break up the cell clumps. The 
cells were then counted with a hemocytometer and the 
population doubling times were obtained from the growth 
kinetic curves. 
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3.1.6 Plating efficiency test 
Plating efficiency test is the test for the 
abilities of the cells to survive at low densities. It is 
represented by the percentage of cells seeded which give 
rise to colonies. Cells growing on tissue culture flasks 
were rinsed with BSS and trypsinized as the procedures used 
in subculture. For CC2 cells, 1.5x10^ cells were plated in 
each of ten 25cm' tissue culture flasks (Falcon) containing 
2inl growth medium. For CC3/CUHK3 cells, one and two hundred 
cells were seeded in each of ten of 25 cm^ tissue culture 
flask (Falcon) containing 2 ml growth medium. Two weeks 
later, the colonies formed in the flasks were fixed in 10% 
buffered formalin and stained with 0.5% crystal violet in 
25% ethanol. Colonies containing cells more than 50 in 
number were counted. 
3.1.7 Spheroid formation assay 
For determination of the anchorage-independence of 
cervical carcinoma cells, spheroid formation assay were 
carried out in both the CC2 and CC3/CUHK3 cells lines. Cells 
growing in 2 5cin' culture flask (Falcon) were rinsed with 
BSS, trypsinized and resuspended in growth medium. Cells at 
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a concentration of SxlO^/ml were plated into a 25cm' tiscuo 
culture flasks pre-coated with a layer of 1% autoclaved 
Difeco Noble Agar in culture medium (linl/25cin' ) • The culture 
flasks were incubated in 37 °C CO2 incubator. Spheroids 
formed in several days later were collected and processed 
for both scanning and transmission electron microscope 
studies as described in sections 3.1.2.2 & 3.1.2.3. 
3.1.8 Chromosoine number study 
Cervical carcinoma cells growing in the tissue 
culture flasks for 24 hours after subculture were treated 
with 0.06^g colcemide/ml for another 4 hours. The cells were 
rinsed with BSS, trypsinized and collected by centrifugation 
at lOOOg for 5 minutes. The pelleted cells were then 
resuspended in 5ml hypotonic solution containing 0.04M KCl 
and 0.025M sodium citrate. After standing for 20 minutes, 
the cells were spun down and fixed in a mixture of ice-cold 
methanol-acetic acid (3:1 vol/vol). Small drops of fixed 
cells suspension were placed onto the clean grass slides and 
the smears were dried on a 60 °C hot plate, stained with 
Giemsa. A total of 100 spreads for each cell lines were 




3•2 IMMUNOCYTOCHEMICAL STUDIES 
3.2.1 Materials and solutions 
In this immunocytochemical studies, keratin and HPV 
capsid antigens were detected by the use of two staining 
systems. Anti-keratin antibodies were supplied in the PAP 
KIT system, while the anti-bovine papillomavirus antiserum 




Chemicals Triton X-100 Sigma 
DAB Sigma 
Others PAP KITtm system (K528) DAKO 
Vectastain ABC KIT Vector 
laboratory 
anti-bovine papillomavirus DAKO 
(BPV-l) 
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Solutions for immunocytochemical tests 
TBS 
2 0mM Tris (pH7.5) 
500mM NaCl 
Substrate solution for PAP staining 
0.1 % H2O2 45/il (1 drop) 
AEC solution 45m1 (1 drop) 
N-N-dimethyl formamide buffer 2 ml 
Substrate solution for ABC staining 
DAB 2 0ing 
1% H2O2 400/xl 
TBS 4 0ml 
3.2.2 In\munocvtochemical test for keratin 
Keratin is the characteristic protein present in 
epithelial cell type, thus test for keratin in carcinoma 
cells supports the classification of the cell type. The 
immunocytochemical methods were used for determining keratin 
in cervical carcinoma cells. 
Cervical carcinoma cells were first seeded onto 
glass or plastic coverslips. When the cells were at 80% 
confluent, the coverslips were washed with PBS and fixed in 
10% buffered formalin for 5 minutes. Determination of 
keratin was carried out by the use of a DAKO PAP kit system. 
Endogenous peroxidase was blocked by incubating the 
coverslips in 3% hydrogen peroxide in water for 5 minutes. 
After several rinses in TBS (pH7.2), normal swine serum in 
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Tris (0.05M, pH7.6) was added in order to block the non-
specific binding of the antibodies. The excess blocking 
agents were drained off after 20 minutes incubation and the 
rabbit antiserum against bovine keratin were added for 30 
minutes. Normal rabbit serum in TBS was used as control. The 
coverslips were then washed several times with TBS and 
incubated for 20 minutes in linker antibodies, the swine 
anti-rabbit immunoglobulins prediluted in Tris (o.05M, 
PH7.6). The coverslips were then incubated in the PAP 
complexes, the horseradish peroxidase—antihorseradish 
peroxidase for another 20 minutes. For visualization of the 
antigen-antibody complexes, equal volume of hydrogen 
peroxide in water and 3-amino-9-ethylcarbazole (AEC) were 
premixed in N—N—dimethyl formamide buffer (pH5.2) and added 
to the coverslips for 15-30 minutes. Brownish red colour was 
detected in the positive reacted coverslips. 
3.2.3 Test for the HPV capsid antigens 
Test of HPV capsid antigens was carried out with the 
ABC detection system (Vectastain ABC Kit)• Cervical 
carcinoma cells growing on the coverslips were first rinsed 
in PBS and fixed in 10% buffered formalin for 5 minutes. 
Several drops of PBS containing 0.05% Triton X-100 and 0.1% 
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BSA were added to the c o v e r s l i p s for 5 m i n u t e s in order to 
i n c r e a s e the p e r m e a b i l i t y of the cell m e m b r a n e . Endogenous 
p e r o x i d a s e w a s b l o c k e d by i n c u b a t i n g the c o v e r s l i p s in 1% 
H2O2 in w a t e r for 10 m i n u t e s . N o r m a l g o a t serum diluted in 
PBS w a s t h e n added to the c o v e r s l i p s for 30 m i n u t e s to 
b l o c k t h e n o n - s p e c i f i c b i n d i n g of the a n t i b o d i e s . Excess 
b l o c k i n g a g e n t s w a s d r a i n e d off and the c o v e r s l i p s w e r e then 
i n c u b a t e d in 1:200 d i l u t e d a n t i - b o v i n e p a p i l l o m a v i r u s (BPV-
1) a n t i s e r u m (DAKO) in PBS for 1 h o u r . A f t e r the i n c u b a t i o n , 
t h e c o v e r s l i p s w e r e w a s h e d s e v e r a l t i m e s in PBS and the 
b i o t i n y l a t e d g o a t - a n t i - r a b b i t a n t i b o d i e s (Vectastain ABC 
kit) w e r e added for 30 m i n u t e s . The c o v e r s l i p s w e r e then 
w a s h e d and the a v i d i n - b i o t i n c o m p l e x (ABC, V e c t a s t a i n ABC 
kit) w a s a p p l i e d to the c o v e r s l i p s for a n o t h e r 30 m i n u t e s . 
S u b s t r a t e s o l u t i o n c o n t a i n i n g 0. 5mg/inl DAB and 0.1% H2O2 was 
t h e n a p p l i e d to c o v e r s l i p s for 2-7 m i n u t e s . F i n a l l y , the 
c o v e r s l i p s w e r e rinsed in w a t e r and p e r m a n e n t l y m o u n t e d . 
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-MOLECULAR STUDIES OF HPV IN CERVICAL C A P r T N O M ^ p y ^ 
3.3.1 Materials and solutions 
The H P V 6 , H P V l l , HPV16 and HPV18 clones were 
provided by Dr H . zur Hausen in the form of plasmids in 
Escherichia c ^ (strain HBlOl) • The sources of chemicals, 




Chemicals Bromophenol blue Sigma 
DEPC Sigma 
MOPS Sigma 
Sephadex G50 Sigma 
Xylene cyanol Sigma 
Enzymes MbHI Amersham 
Amersham 
^iindlll Amersham 
^ ^ ^ 工 Amersham 
Proteinase K Amersham 
Ribonuclease A Amersham 
A n t i b i o t i c s Ampicillin Sigma 
Chloramphenicol Sigma 
Others Multiprime DNA labelling Amersham 
system (RPN. 1601) 
[a-32p] dCTP Amersham 
Nylon membrane Amersham 
Random-prime DNA labelling Bio-Rad 
system 
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Solutions for HPV DNA probes preparation 
LB (Luria-Bertani) medium 
Per liter: 
Bacto-tryptone lOg 
Bacto-yeast extract 5g 
NaCl lOg 
A d j u s t pH to 7.5 with sodium hydroxide 
TE 
pH7.6 
lOmM Tris-HCl (pH7.6) 
ImM EDTA (pH8.0) 
pH8 . 0 
lOmM Tris-HCl (pH8.0) 
ImM EDTA (pH8.0) 
STE (TNE) 
lOmM Tris-HCl (pH8.0) 
lOOmM NaCl 
ImM EDTA (pH8.0) 
Digestion buffer 
lOmM Tris-HCl (pH8.0) 










equilibrated phenol solution 25 volume 
chloroform solution 24 volume 
isoamylalcohol 1 volume 
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DNA solvent (1/10 x TE) 
TE buffer (pH7.5) lOml 
distilled H2O to lOOml 
Solutions for DNA agarose gel electrophoresis 
TBE (Tris-Borate-EDTA) 5x 
per liter 
Tris base 54g 
boric acid 27.5g 
0. 05M EDTA (pH8.0) 2 0inl 
5x DNA gel loading buffer 
25% sucrose 
5mM sodium acetate 
0.05% Bromophenol blue 
0.1% SDS 
Solutions for hybridization 




H2O to 500ml 
20XSSC 
per liter 
NaCl 175.5 g 
Na citrate 88.3 g 
adjust pH to 7.4 




5X Denhardt‘s solution 
lOO/xg/ml salmon sperm DNA 
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Prehybridization solution (for in situ hybridization) 
2x SSC 
lOx Denhardt's solution 
50% deionized formamide 
10% dextran sulfate 
250/ig/ml salmon sperm DNA 
TBS 
20mM Tris (pH7.5) 
500mM NaCl 
TBS-Tweeen 
20mM Tris (pH7.5) 
SOOmM NaCl 
Tween2o 0.05% 
H2O to 1 liter 
M e m b r a n e blocking solution 
gelatin Ig 
TBS-Tween 100ml 
with gentle heat to dissolved 
Solutions for RNA extraction and Northern blot hybridization 
Lysis buffer 
EDTA (pH8.0) lOmM 
SDS 0.5% 
lOx MOPS running buffer 
MOPS 41.8 g 
3M DEPC-treated sodium acetate 16. 6inl 
0.5M DEPC-treated EDTA 20.0ml 
DEPC-treated H2O to 1 liter 
Formaldehyde loading buffer (RNA gel) 
ImM EDTA (pH8.0) 
0.25% Bromophenol blue 
0.25% Xylene Cylanol 
50% glycerol 
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3.3.2 Preparation of the HPV DNA probes 
The HPV6, HPVll, HPV16 and HPV18 were used as the 
probes for the studies of HPV sequences in CC2 and 
CC3/CUHK3 cells. Molecularly cloned HPV6, HPVll, HPV16 and 
HPV18 DNAs were kindly provided by Dr. H . zur Hansen. Since 
the DNA was inserted into pBR3 2 2 which was introduced into 
the bacteria Escherichia coli, large scale preparation of 
the cloned sequence could be achieved by growth of the 
bacteria and amplification of the plasmids. The cloned HPV 
sequences were then isolated from the bacteria and plasmid 
v e c t o r s , followed by labelling with radioisotopes or non-
radioactive molecules. 
3.3.2.1 Growth of the bacteria and amplification of the 
plasmids 
The following procedures followed the methods 
described by Maniatis 红 al. with some modifications 
(Maniatis 丝红•， 1982). 
Single bacterial colony from each of the HPV types 
6, 11, 16 and 18 was inoculated in 10 ml of LB medium 
containing 50fiq/ral ampicillin at 37 °C overnight with 
vigorous shaking. A 0.Iml of the culture was then added into 
2 5inl of LB medium in a lOOml flask containing SO^g/ml 
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ampicillin at 37。C with vigorous shaking until the cultures 
reached late log phase as determined by the O.D.500 6). 
A 25inl of the late log culture was then inoculated into 
500inl of prewarmed LB medium and incubated at 37 with 
v i g o r o u s shaking. Chloramphenicol solution at a 
concentration of IVOMg/ml was added when the O.D.goo of the 
culture reached approximately 0.4. The culture was incubated 
overnight at 37°C with vigorous shaking. 
3.3.2.2 Purification of the plasmid DNAs 
The bacterial culture cells were harvested by 
centrifugation at 4000g for 10 minutes at 4°C and washed 
with 100ml ice-cold STE. The pellet was resuspended in lOml 
of solution I containing Smg/ml lysozyme. The suspension was 
transferred into new polyallomer tubes and standed for 5 
m i n u t e s . 20inl of fresh ice-cold solution 工工 was then added 
and standed for another 20 m i n u t e s . After the addition of 15 
ml ice-cold sodium acetate (5M, p H 4 . 8 ) , the bacterial debris 
were spun down by centrifugation at 20,000 rpm for 20 
minutes at 4°C. The supernatant was divided into two halves 
and 0.6 volume of isopropanol was added to each tube. The 
DNA was recovered by centrifugation at 12,000 rpm for 30 
minutes at room temperature. After discarding the 
s u p e r n a t a n t , the pellet was washed with 70% ethanol, dried 
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in v a c u u m and dissolved in a total v o l u m e of 8 ml of TE 
(pH8.0). 
To the DNA s o l u t i o n s , 1 g/ml cesium chloride and 
0.6g/ml ethidium bromide were added and centrifuged at 
45,000rpm for 36 hours at 2(rc. A f t e r c e n t r i f u g a t i o n , the 
DNA formed as a d i s t i n c t band in the tube was collected with 
a n e e d l e . The ethidium bromide was removed by repeated 
extraction with equal volume of 1 - b u t a n o l saturated with 
w a t e r , centrifugation at 8000 rpm for 3 minutes at room 
t e m p e r a t u r e until the pink colour of ethidium bromide 
d i s a p p e a r e d . The solution was then dialysed against several 
changes of TE (pH8.0). 
3.3.2.3 Purification of inserted DNAs from the plasmids 
The plasmid DNAs containing the HPV DNA inserts 
isolated from the bacteria were cut with appropriate 
restriction e n d o n u c l e a s e . The HPV 6, HPV 11 and HPV 16 
cloned p l a s m i d s were digested with B a m H工 , w h i l e HPV18 cloned 
plasinid w a s cut with E c o R I . The enzyme digestions were 
carried out at 37°C for different duration dependent on the 
amount of enzyme u s e d . A f t e r enzyme d i g e s t i o n , the DNAs 
w e r e subjected to 1% agarose gel electrophoresis and 
v i s u a l i z e d by staining in ethidium bromide solution followed 
by UV illumination. Lambda DNA were used as the size marker. 
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T h e gel slices c o n t a i n i n g DNA fragments of approximately 
7.9 kb in size w h i c h r e p r e s e n t e d the H P V DNA sequences were 
cut out and p r o c e s s e d for e l e c t r o - e l u t i o n • 
For e l e c t r o e l u t i o n , the gel slices w e r e p l a c e d into a 
0 . 5 X T B E - f i l l e d d i a l y s i s b a g s . The d i a l y s i s b a g s w e r e then 
immersed in a shallow layer of O.SxTBE in an e l e c t r o p h o r e s i s 
t a n k (Figure 3 . 1 ) . E l e c t r i c c u r r e n t w a s then p a s s e d through 
the b a g s at lOOV for 2-3 h o u r s and the DNAs w e r e eluted out 
of the gel slices and into o.5xTBE b u f f e r inside the b a g s . 
T h e DNAs a t t a c h e d to the inner w a l l s of the d i a l y s i s bags 
w e r e then r e l e a s e d by r e v e r s i n g the p o l a r i t y of the current 
for 2 m i n u t e s . T h e DNAs w e r e then c o l l e c t e d in 0.5 xTBE 
b u f f e r and p a s s e d t h r o u g h a column of p a c k e d siliconized 
g l a s s w o o l to r e m o v e the gel p i e c e s . Equal v o l u m e of phenol 
then w a s added to the DNA s o l u t i o n s , followed by the 
p h e n o l / c h l o r o f o r m / i s o a m y l a l c o h o l and c h l o r o f o r m / i s o a m y l -
a l c o h o l s o l u t i o n . The DNAs w e r e p r e c i p i t a t e d by adding 5M 
sodium c h l o r i d e to a final c o n c e n t r a t i o n of 0.1 M , 2 volumes 
of ice-cold e t h a n o l , and k e p t at -20°C o v e r n i g h t . The 
p r e c i p i t a t e d DNA fragments c o n t a i n i n g the H P V s e q u e n c e s were 
finally r e c o v e r e d by c e n t r i f u g a t i o n , w a s h e d with 70% 
e t h a n o l , and r e s u s p e n d e d in TE (pH7.6) . The DNA was then 
d i a l y s e d a g a i n s t 1/10 TE for 1-2 d a y s . 
The c o n c e n t r a t i o n and p u r i t y of the DNA p r o b e s were 
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checked by measuring the absorbance of diluted DNA sample at 
260nni, 280nm, and 3 3 0nm. 
Check for DNA concentration: 
The concentration of DNA (fig/ml) = (A26O-A330) x 50 x DF 
(1 unit absorbance at 260nm = 50 /xg/ml DNA) 
Check for purity: 
(A26O-A33O) / (A28O-A330) = 1.8 to 2.0 
Where A26O 二 absorbance at 260nin 
A28O = absorbance at 2 8 0nm 
A3 3 0 = absorbance at 3 3 0nni 
DF : dilution factor 
3.3.2.4 Labelling of the probes 
HPV6, HPVll, HPV16 and HPV18 DNA fragments were 
labelled with both radioactive isotopes and biotin molecules 
for subsequent studies. 
3.3.2.4.1 Labelling of DNA fragments with 32p 
Labelling of the HPV DNA probes was carried out with 
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the m u l t i p r i m e DNA labelling system (Amersham). 25ng of HPV 
DNA diluted in lOMl TE (pH7.6) was first heat to 100。C to 
d e n a t u r e for 10 m i n u t e s , rapidly chilled on ice-bath and 
added to the labelling m i x t u r e . The m i x t u r e contained lO/U 
labelling b u f f e r (dATP, d T T P , dGTP mixture) , 5/il primer in 
BSA, 5m1 a 3 2 p - d C T P (Amersham) , 18/il H2O and 2/il e n z y m e . The 
reaction m i x t u r e was incubated at 37 °C for 2 hours and 2^x1 
of 0.5M EDTA was added to stop the r e a c t i o n . The labelled 
DNA fragments were separated from the unincorporated free 
n u c l e o t i d e s by passing through a Sephadex G-50 spun column. 
R a d i o a c t i v i t y was m o n i t o r e d by counting 2/il of each of DNA 
solutions before and after the column elution with a 
scintillation counter (Beckmen)• Total a c t i v i t y , specific 
activity and % incorporation were then e s t i m a t e d , 
3-3.2.4.2 Biotinylation of HPV DNA fragments 
Biotinylation of HPV DNA probes were accomplished 
with the R a n d o m p r i m e DNA labelling system (Bio-rad)• The 
labelling m i x t u r e was first prepared by mixing 10^1 5x 
random p r i m e r b u f f e r , 4ing/ml BSA, 3/xl dNTP (dATP, dGTP, 
dCTP) , iMl O.IM d T T P , l/xl ImM Biotin—11一dUTP with 
a p p r o p r i a t e v o l u m e of sterilized distilled w a t e r . 25ng of 
HPV DNA was heated to denature and mixed with the reaction 
m i x t u r e followed by the addition of 1^1 Klenow polymerase. 
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Labelling reaction was finished at room temperature after 3 
h o u r s . The efficiency of labelling was monitored by dotting 
the labelling solution to a filter at 1 - h o u r intervals and 
carried out the procedures described b e l o w . 
The filter was first incubated in membrane blocking 
solution for 1 hour at room t e m p e r a t u r e , followed by 
immersed in 1:3000 streptavidin—alkaline phosphatase in the 
same solution for another h o u r . After washing in 2 changes 
of TBS—Tween for 15 minutes 七he filter was incubated with 
alkaline-phosphatase developing buffer with equal volume of 
NBT and BCIP for 10 m i n u t e s , until a purple-colour was 
d e v e l o p e d . The reaction was stopped by adding lOmM Tris-HCl, 
lOmM EDTA and air d r i e d . 
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3.3.2.5 The simplified protocols for the preparation of 
probes 
Bacterial colonies containing H P V 6 , H P V l l , HPV16 
and HPV18 cloned DNAs 
• 
Late log phase culture 
A m p l i f i c a t i o n of plasmids with chloramphenicol 
Collection of bacterial cells by centrifugation 
Lysis of ‘acterial cells, removal of protein and cell debris 
Plasmid DNA isolation from the cellular DNA by CsClo-EtBr 
gradient centrifugation 
• 
Phenol/chloroform/isoamylalcohol extraction and ethanol 
precipitation 
Restriction enzyme digestion of plasmids 
• 
A g a r o s e gel electrophoresis and electroelution 
• 
Phenol/chloroforin/isoainylalcohol extraction of probe DNAs 
• 
Ethanol precipitation and dialysis 
Labelling with 32p or biotin 
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3 • 3 • 3 HNA extraction from the cervical carcinoma nr^ l is 
The carcinoma cells growing in the tissue culture 
flasks were t r y p s i n i z e d , collected and resuspended in the 
digestion buffer (Iml/lOOmg cells). Proteinase K was then 
added to the cell suspension at a concentration of 500/ig/ml 
and incubated at 37 °C overnight. Equal volume of 
p h e n o l / c h l o r o f o r m / i s o a m y l a l c o h o l was added and the aquaous 
layer was recovered by centrifugation at 4000 rpm for 20 
m i n u t e s . A f t e r repeated extraction, the nucleic acid was 
precipitated by adding 1/50 volume of 5M NaCl and 2 volume 
of absolute ethanol at -20°C for 2 h o u r s . The precipitant 
was collected by centrifugation and re—dissolved in DNA 
solvent (l/10xTE,pH7.5)• The nucleic acid was then subjected 
to RNase digestion (100|xg/ml) at 37。C for 2 hours and again 
digested with proteinase K (lOOMg/ml) in the presence of 
0.5% SDS at 55。C for 1 h o u r . A f t e r d i g e s t i o n , the DNA 
solution was extracted with phenol/chloroform/isoamyl-
a l c o h o l , ethanol precipitated and dialysed against double 
distilled w a t e r . The concentration of DNA and the purity of 
DNA were determined by mearsuring absorbance at various 
w a v e l e n g t h s with a spectrophotometer (Kontron) (section 
3 . 3 . 2 . 3 ) . 
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The procedures are simplified as follows: 
Cervical carcinoma cells 
• 







Proteinase K digestion again 
• 
Phenol/chloroform/isoamylalcohol extraction and ethanol 
precipitation 
• 
Dialysis against autoclaved distilled water 
• 
Determination of DNA concentration 
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3.3.4 Detection of HPV DNA sequences by the use of 
hybridization techniques 
Three hybridization methods had been used in the 
laboratory for the detection of HPV DNA sequences as these 
three methods play different roles in the study. 
3.3.4.1 Dot blot hybridization 
Dot blot hybridization method is useful for the 
initial screening of HPV DNA sequences since this method is 
simple compared with other molecular hybridization methods. 
The CC2 and CC3/CUHK3 cells growing in the tissue culture 
flasks were trypsinized and collected. Total cellular DNA 
was extracted as described in section 3.3.2. Ifig of each of 
DNA samples was diluted in 25/xl DNA solvent and mixed with 
equal volume of 2M NaCl and two volumes of IN NaOH for 
denaturation. The DNA solutions were then neutralized with 
0.5M Tris-HCl, 3M NaCl, pH7 • 4, and dotted onto a 6xSSC 
prewetted nylon filter (Amersham) with a manifold dot 
apparatus (Bio—rad)• The filter was then air—dried and fixed 
by UV illumination for 10 minutes. 
After fixation, the filter was put into a sealed 
plastic bag and prehybridization was performed by incubating 
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the membrane in 200Ml/cm^ hybridization mixture containing 
6XSSC, 0.5% SDS, lOmM EDTA, 5xDenhardt's solution and 
lOOMg/ml denatured salmon sperm DNA for 4 hours at 68。C. 
Heat-denatured ^^P-lahelled HPV DNA probes were then added 
to the hybridization mixture (50Ml/cin^ ) and incubated at 
68。C o v e r n i g h t . After h y b r i d i z a t i o n , the filter was washed 
twice in 2XSSC, 0.1%SDS at room temperature for 15 mimutes, 
twice in 2XSSC, 0.1%SDS at 65°C for 15 minutes and once in 
0.5XSSC, 0.1% SDS at 65°C for 15 minutes with gentle 
s h a k i n g . The washed membrane was dried with a filter paper 
and exposed to X-ray film (Kodak XAR film or Dupont) with 
intensifying screens at -70。C. The film was develpoed after 
1-2 days exposure. 
3.3.4.2 Southern blot hybridization 
Southern blot hybridization allows detailed 
investigations of HPV DNA sequences in the cells. Total 
cellular DNA of cervical carcinoma cells growing in the 
tissue culture flasks was purified as described in section 
3.3.3. The extracted DNA and the HPV DNAs were then digested 
with restriction enzyme PstI at 37。C for 3 h o u r s . The DNAs 
were then subjected to agarose gel electrophoresis (1%) and 
lambda DNA was used as the size m a r k e r . Electrophoresis was 
completed at 75V after 4-5 hours and the DNA bands in the 
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gel w e r e v i s u a l i z e d by staining with ethidium b r o m i d e . 
The DNA separated in the gel was then depur丄nated by 
immersing the gel in 0.25M HCl for 15 m i n u t e s . A f t e r a brief 
w a s h in d i s t i l l e d w a t e r , the gel w a s treated twice with o.6M 
N a c l , 0.4M NaOH for 15 m i n u t e s for d e n a t u r a t i o n and 
n e u t r a l i z e d w i t h 0.5M T r i s - H C l (pH7.5) and 1.5M NaCl for 30 
m i n u t e s w i t h one change of the s o l u t i o n . The DNA was then 
t r a n s f e r r e d in 20xSSC to a nylon filter by the method of 
S o u t h e r n (1975) (Figure 3.2) for 16-18 h o u r s . After 
t r a n s f e r e n c e , the filter was rinsed w i t h 2xSSC to remove gel 
p i e c e s , dried and fixed by U V i l l u m i n a t i o n . Prehybridization 
w a s carried out in a sealed p l a s t i c bag with the same 
p r e h y b r i d i z a t i o n solution used in section 3.3.3.1 at 68。C 
for 4 h o u r s . R a d i o a c t i v e labelled p r o b e s w e r e then added 
into the h y b r i d i z a t i o n b a g , and h y b r i d i z e d at 68。C 
o v e r n i g h t . 
A f t e r h y b r i d i z a t i o n , the filter was first washed in 
low s t r i n g e n t condition with 2 x S S C , 0.1% SDS for 15 m i n u t e s , 
t w i c e at room t e m p e r a t u r e , 2 x S S C , 0.1% SDS at 65。C for 15 
m i n u t e s and exposed to X-ray film w i t h o u t d r y i n g . After 
e x a m i n i n g the signal to noise ratio and the p r e s e n c e of weak 
b a n d s , the filter w a s washed in high s t r i n g e n t condition 
w i t h the addition of a wash in 2xSSC 0.1% SDS at 65°C for 15 
m i n u t e s and 0.5xSSC, 0.1% SDS at 65。 for 15 m i n u t e s . The 
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filter was again, exposed to X-ray film for 1-2 days. 
3.3.4 .3 In situ hybridization 
I n s i ^ hybridization allows the localization of 
the HPV infected cells in tissue sections or smears. In this 
study, the method of in situ hybridization was used to 
detect the presence of HPV DNA in cultured cervical 
carcinoma c e l l s . 
Cervical carcinoma cells growing in the tissue 
culture flask were trypsinized and collected by 
c e n t r i f u g a t i o n . The pellet was then freezed with liquid 
nitrogen and frozen-sections of 5/iin were cut with a cryostat 
(Bright, England) and mount on a gelatin pre-coated glass 
slides. The sections were then fixed in cold acetone for 10 
m i n u t e s , and stored at -70°C until u s e . 
For hybridization, sections were washed with PBS and 
endogenous peroxidase was blocked by incubating the slides 
in 0.1% hydrogen peroxide in methanol for 5 m i n u t e s . After 
several washes in PBS, sections were dehydrated with 
ascending series of ethanol. Prehybridization mixture 
containing 50% formamide, lOxDenhardt's solution, 2xSSC, 10% 
Dextran sulfate and 2 50/ig/inl denatured salmon sperm DNA was 
then added to the slides and incubated at 37 °C for 1 hour. 
Hybridization was carried out with the same mixture with the 
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addition of biotinylated HPV DNA probes at a concentration 
of 2ng/Ail. A siliconized coverslip was placed upon the drops 
of hybridization solution and sealed with rubber cement. 
Hybridization was proceeded at 37°C ove r n i g h t . 
A f t e r h y b r i d i z a t i o n , the sections were washed in 
two changes of 2xSSC for 15 m i n u t e s . Avidin-biotin-complex 
(ABC) was added to the slides for 1 hour at room temperature 
followed by several washes in PBS. The sections was then 
incubated in DAB substrate solution for 10-30 minutes and 
mounted with g e l a t i n . Brownish red colour would appear in 
the positive reacted slides. 
3.3.4.4 Summary of the hybridization protocols 
Dot blot Southern blot in situ 
hybridization hybridization h ^ b ^ i ^ z a t i o n 
DNA samples DNA samples cell pellets 
Dotting onto filter enzyme digestion sectioning 
gel electrophoresis 
‘ Blotting onto filter 
prehybridization 
hybridization 
post hybridization washes 
——- I 
autoradiography immunocytochemical detection 
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3.3.5 Copy number and physical state of HPV DNA 
3.3.5.1 Estimation of HPV DNA copy number in cervical 
carcinoma cells 
Determination of the copy number of HPV DNA in 
cervical carcinoma cells was achieved by the slot blot 
hybridization m e t h o d s . HPV16 DNA and cellular DNAs extracted 
from the cervical carcinoma cells were serially diluted with 
w a t e r in a two-fold m a n n e r . The DNA solutions were treated 
and dotted onto the nylon filter as described in section 
3.3.3.1 except that the slot blot apparatus (Bio-Rad) was 
used in stead of the dot blot apparatus. HPV6, HPVll, HPV18, 
PBR322 and the DNA extracted form normal biopsy were used as 
c o n t r o l s . Prehybridization, hybridization and post 
hybridization wash steps were exactly the same as mentioned 
in dot blot hybridization method (section 3.3.3.1). 
The intensity of individual slot appeared on 七he 
film was measured by the use of densitometer (Ultroscan, 
laser densitometer, LKB)• By plotting the standard curve 
representing the intensities of hybridization signals from 
d i f f e r e n t amount of HPV16 DNA, the copy number of HPV DNA in 
the cervical carcinoma cells was estimated. 
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3.3.5.2 Physical state of HPV DNA in the cervical 
carcinoma cells 
HPV DNA could exist as an episomal form or in the 
form of integration in the h o s t DNA s e q u e n c e s . To access the 
p h y s i c a l state of HPV DNA in the c e l l s , the restriction 
e n z y m e d i g e s t i o n m e t h o d was u s e d . 
R e s t r i c t i o n enzyme H i n d l l l w i l l not cut the HPV16 
g e n o m e and t h e r e f o r e will not alter the m i g r a t i o n of 
e p i s o m a l DNA in agarose gel b u t is v e r y likely to alter the 
m i g r a t i o n p a t t e r n of integrated HPV16 s p e c i e s . In other 
w o r d s , if H P V 16DNA exist as episomal form in the cervical 
c a r c i n o m a c e l l s , only a d i s t i n c t band of 7.9 kb in size will 
a p p e a r w h i l e the integrated HPV gives rise b a n d s with sizes 
far m o r e large than 7.9 k b . 
M m H I cuts HPV16 DNA at single site thus releases 
single b a n d s in the case of episomal D N A . H o w e v e r , if HPV 
DNA integrates in the h o s t cell g e n o m e , at least two bands 
w i l l be d e t e c t e d . The same p r i n c i p l e s apply to the case of 
EcoRI d i g e s t i o n . 
The c e l l u l a r DNA extracted from the cervical 
c a r c i n o m a cells w e r e digested with PstI (multi—cut), Hind工工工 
(no-cut), BamHI (single_cut) and EcoRI (two-cut) and 
s e p a r a t e d in 1% agarose g e l . A f t e r e l e c t r o p h o r e s i s , the DNA 
w a s t r a n s f e r r e d onto nylon filter and h y b r i d i z e d as 
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d e s c r i b e d in S o u t h e r n b l o t h y b r i d i z a t i o n (section 3 . 3 . 3 . 2 ； . 
P o s t - h y b r i d i z a t i o n wash w a s d o n e a七七 h e low stringent 
c o n d i t i o n and X - r a y film w a s d e v e l o p e d a f t e r 2 day exposure. 
3.3.6 S t u d y of the t r a n s c r i p t i o n a l a c t i v i t y of H P V DNA in 
the c u l t u r e d c e r v i c a l c a r c i n o m a eel 1 c^  
T r a n s c r i p t i o n involved the s y n t h e s i s of RNA 
m o l e c u l e s from the t e m p l a t e DNA, thus s t u d i e s of RNA in 七he 
c e l l s w e r e also c a r r i e d out in this e x p e r i m e n t . T o t a l RNA in 
the c u l t u r e d cells w a s isolated and h y b r i d i z e d to the w h o l e 
H P V 1 6 g e n o m e and one of the s u b g e n o m i c DNA fragments 
c o n t a i n i n g E6/E7 gene r e g i o n . The E6/E7 g e n e f r a g m e n t was 
c h o s e n b e c a u s e this gene f r a g m e n t is involved in 
t r a n s f o r m a t i o n as reviewed in section 2 . 2 . 5 . 
3 . 3 . 6 . 1 P r e p a r a t i o n of the s u b g e n o m i c H P V DNA p r o b e s 
T h e s u b g e n o m i c fragments of H P V 1 6 w e r e p r e p a r e d by 
r e s t r i c t i o n e n z y m e d i g e s t i o n . T h e HPV16 cloned in plasmid 
v e c t o r PBR3 2 2 w a s d i g e s t e d w i t h PstI w h i c h cut the HPV16 DNA 
into 7 f r a g m e n t s . The d i g e s t e d DNA w a s s e p a r a t e d in agarose 
g e l and the sizes of the fragments r e s u l t i n g from digestion 
w e r e 2 . 8 2 k b , 1 . 7 8 k b , 1 . 0 6 k b , 5 . 8 5 k b , 0.48kb and 0 . 2 k b . The 
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gel slices containing the DNA fragments of 1.78 kb in l： i zo 
were cut out, electroeluted and purified as described in the 
section 3.3.1.3, The purified 1.78 kb fragments containing 
the E7/E6 region and a small portion of LI ORFs were further 
digested with EcoRI in order to get rid of the LI portion. 
The digested DNA was again subjected to agarose gel 
e l e c t r o p h o r e s i s , electroeluted and p u r i f i e d . The resulting 
fragment was 1.33 kb in size which contained the E6 and E7 
ORFs of the HPV16 g e n o m e . 
3.3.6.2 Extraction of total RNA from the cervical carcinoma 
cells 
The cervical carcinoma cells growing in the tissue 
culture flasks were washed twice with ice-cold PBS. 2inl of 
lysis buffer was added to the flask and the cells was 
scraped into a clean t u b e . The flask was then rinsed with 
O.IM sodium acetate (pH5.2) , lOmM EDTA (pH8.0) . The cell 
lysate was extracted twice with phenol and the aquaous phase 
was recovered by centrifugation at 5000 rpm for 10 minutes 
at 4°C. RNA was precipitated in IM Tris—HCl (pH8.0), 5M NaCl 
and 2 volumes of ice-cold ethanol at -20 °C for 1 h o u r . The 
RNA was then collected by centrifugation at 12,OOOrpm for 10 
m i n u t e s at 4。C and rinsed in 75% ethanol and 25% O.IM 
sodium acetate (pH5.2). 
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A f t e r e x t r a c t i o n , ol igodeoxy r i b o n u c l e o t i d e s v/ero 
r e m o v e d by r e s u s p e n d i n g the p e l l e t in 3M sodium acetate 
(pH5.2) w i t h r e p e a t e d p i p e t t i n g . T h e n u c l e i c acid solution 
w a s c e n t r i f u g e d at 12, 000rpin for 10 m i n u t e s . T h e s u p e r n a t a n t 
c o n t a i n i n g the m a j o r i t y of o l i g o d e o x y r i b o n u c l e o t i d e s was 
d i s c a r d e d and the RNA w a s p r e c i p i t a t e d by t h e a d d i t i o n of 
e t h a n o l at -70°C. F i n a l l y , the R N A w a s c o l l e c t e d by 
c e n t r i f u g a t i o n , rinsed and r e d i s s o l v e d in s t e r i l i z e d double 
d i s t i l l e d w a t e r . The c o n c e n t r a t i o n of R N A w e r e e s t i m a t e d by 
m e a s u r i n g the a b s o r b a n c e . 
C o n c e n t r a t i o n of RNA (/xg/ml) = (A26O-A330) x 40 x DF 
(1 u n i t a b s o r b a n c e at 260nin = 40/xg/inl RNA) 
w h e r e A260 = a b s o r b a n c e at 260nm 
A330 = a b s o r b a n c e at 330nm 
DF = d i l u t i o n factor 
3.3.6.3 N o r t h e r n h y b r i d i z a t i o n of RNA 
In the N o r t h e r n h y b r i d i z a t i o n , like t h a t of Southern 
h y b r i d i z a t i o n , n u c l e i c acid is first s e p a r a t e d on the gel 
and fixed onto the solid s u p p o r t . For R N A e l e c r o p h o r e s i s , 
R N A s a m p l e (15-30/zg) w a s c o n c e n t r a t e d to a v o l u m e of 4.5 fil 
and m i x e d w i t h 1/il lOx f o r m a l d e h y d e g e l - r u n n i n g b u f f e r (MOPS 
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b u f f e r ) , 3.5^1 formaldehyde and lO/xl deionized f orrnfjrni do. 
The mixture was denatured at 65°C for 15 minutes and chilled 
on ice. 2^1 RNA gel loading buffer was added and the RNA was 
separated on 1.2% agarose gel in formaldehyde gel-running 
b u f f e r (MOPS buffer) • The RNA on the gel was then 
transferred onto the nylon membrane by the vacuum blot 
apparatus (LKB)• 
Prehybridization was carried out in the solution of 
6XSSC, 2xDenhardt's solution, 0.1% SDS and lOO/ig/ml 
denatured salmon sperm DNA. It was performed at 42 for 4 
hours and hybridization was carried out with same buffer 
containing radioactively labelled E6/E7 fragment at 42°C 
ove r n i g h t . A f t e r hybridization, the filter was washed twice 
with 2xSSC, 0.1% SDS at room temperature for 15 minutes and 
once at 4 2 T h e washed filter was exposed to X-ray film 
for 2-5 d a y s . 
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yZ‘ J agarose gel slice 
" / containing DNA fragment ( \\ 
/ pj-Y—T-O / electrophoresis buffer \ ^ 
� I 飞 
J U A 
Fig. 3.1 Schematic diagram of the procedures of 
electroelution (Maniatis 驻 , 1982) 
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. o 
/ y (9) 
Fig. 3.2 Cross-section of a Southern transfer apparatus 
(1) tray filled with 20xSSC, (2) glass p l a t e , (3) 
w i c k of three sheets of Whatman 3MM p a p e r , (4) qel 
(5) Parafilm round all sides of g e l , (6) three , 
sheets of Whatman 3MM p a p e r , (7) paper towels, (8) 
glass p l a t e , (9) weight (Hames and H i g g i n s , 1985). 
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CHAPTER 4 RESULTS 
4.1 C H A R A C T E R I Z A T I O N OF C E R V I C A L C A R C I N O M A C E L L LINES 
4 . 1 . 1 M o r p h o l o g i c a l s t u d i e s of cervinal n门州。^^^^ 
4 . 1 . 1 . 1 Phase c o n t r a s t m i c r o s c o p i c s t u d i e s 
The p h a s e c o n t r a s t m i c r o s c o p i c p i c t u r e of CC2 cells 
a f t e r s u b c u l t u r e is showed in figure 1. I n i t i a l l y , the cells 
g r e w as c o l o n i e s and the b o u n d a r i e s of t h o s e c o l o n i e s would 
e x t e n d e d as the cells kept on d i v i d i n g . A f t e r 2 to 3 days, 
r e s t i n g cells could u s u a l l y be seen at the c e n t e r of the 
c o l o n i e s w i t h a few r o u n d , a c t i v e l y d i v i d i n g cells on the 
p e r i p h e r y . Cells w e r e p l e o m o r p h i c in size and s h a p e , and 
g i a n t p o l y k a r y o n cells w e r e e a s i l y f o u n d . A f t e r 6 to 7 d a y s , 
t h e cell c o l o n i e s joined t o g e t h e r and the c e l l s a p p e a r e d as 
a m o n o l a y e r on the t i s s u e c u l t u r e flask (figure 2). 
The CC3/CUHK3 cells grew faster t h a n the CC2 cells 
in c u l t u r e , thus formation of cell c o l o n i e s w e r e not 
p r o m i n e n t at the first few d a y s . The cells u s u a l l y grew as a 
sheet of m o n o l a y e r just 2-3 days a f t e r s u b c u l t u r e . A t the 
fourth d a y , the w h o l e flask w a s c o v e r e d b y the round, 
a c t i v e l y d i v i d i n g CC3/CUHK3 cells (figure 3) . G i a n t cells 
w e r e also e a s i l y located (figure 4 ) . 
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I.I.2 Scanning electron microscopic studies 
The CC2 cells growing on coverslip were polygonal in 
shape. Flattened cells were usually located in the center of 
the cell colonies with round, actively dividing cells at 七he 
periphery of the cell sheet (figure 5) . M i t o t i c cells were 
also observed (figure 6). Cells appeared round in shape when 
were seeded (figure 7) . Flattened membranous processes were 
extended from the underneath of the cells at a later stage 
and attached to the surface of coverslip, making the cells 
looked like a 'hat' (figure 8) . Long, slender cytoplasmic 
processes were likely to be formed from these flattened 
processes and extended to the substratum (figure 9). 
The CC3/CUHK3 cells growing on coverslip were also 
polygonal in shape (figure 10). Numerous surface microvilli 
were found on the cell surface (figure 11) • The long, 
slender cytoplasmic processes extending from the periphery 
of the cells were attached onto the coverslip and usually 
interdigitated with the adjacent cells. A l s o , blebs were 
found in some cells. Round, actively dividing cells were 
commonly observed in the cell sheet (figure 12)• 
4.1.1.3 Transmission electron microscopic studies 
Under the transmission electron microscope, the CC2 
cells appeared as cells with bizarre nuclei (figure 13). 
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T h e r e w e r e m a n y niitochondria and abundant endoplasmic 
r e t i c u l u m in the c y t o p l a s m (figure 14). I n t r a c e l l u l a r 
tonofilainents and d e s助 s o m e s w e r e u s u a l l y be observed within 
the c e l l s . I n t e n s e l y stained c h r o m a t i n w e r e located at the 
m a r g i n of the n u c l e u s with deep i n v a g i n a t i o n of the nucleic 
m e m b r a n e . 
The CC3/CUHK3 cells a p p e a r e d to be s i m i l a r to the 
CC2 cells u n d e r the t r a n s m i s s i o n e l e c t r o n m i c r o s c o p e . Cells 
w i t h i r r e g u l a r - s h a p e d n u c l e i w e r e f o u n d . I n t r a c e l l u l a r 
t o n o f i l a m e n t s and d e s m o s o m e s w e r e e a s i l y located (figure 
1 5 ) . A d j a c e n t cells w e r e s e p a r a t e d by the space where 
m i c r o v i l l i w e r e u s u a l l y i n t e r d i g i t a t e d (figure 16). 
D e s m o s o m e s w e r e often o b s e r v e d b e t w e e n the m i c r o v i l l i of the 
p s e u d o p o d s and the cell surface of c o n t i g u o u s c e l l s . 
M o r e o v e r , as o b s e r v e d in the CC2 c e l l s , the c y t o p l a s m was 
rich in m i t o c h o n d r i a . 
4.1.2 E x a m i n a t i o n of c e r v i c a l carn-inoma ce1 1 ^  c ultured 
on c o l l a g e n gel 
T h e CC2 cells g r o w i n g on c o l l a g e n gel a p p e a r e d round 
i n i t i a l l y after s e e d i n g . Small cell sheets w i t h polygonal 
cells w e r e u s u a l l y formed after 2 to 3 days and could be 
o b s e r v e d u n d e r the p h a s e - c o n t r a s t m i c r o s c o p e and scanning 
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electron microscope (figure 17) . The CC2 cells had nurncrou:. 
blebs on the surface and the cytoplasmic processes extending 
from the periphery of the cells usually merged with the 
collagen fibers (figure 18) . After 5 to 6 d a y s , the cell 
sheet became much larger and the cells became flattened with 
cytoplasmic processes attached to the substratum (figure 
19) • 
The CC3/CUHK3 cells growing on collagen gel were 
also polygonal in shape. Flattened cells seemed to be more 
in number in the cell population (figure 20) . small 
m i c r o v i l l i were observed on the surface of the cells and 
long cytoplasmic processes were attached to the collagen 
fibers (figure 21)• 
Under the transmission electron m i c r o s c o p e , two or 
more CC2 cells were closely apposed, forming cell clumps. 
The superficial cells were flattened in shape while those at 
the base were polygonal (figure 22). A t higher 
m a g n i f i c a t i o n , numerous microvilli were found to be 
interdigitated between cells with the formation of complex 
intercellular junctions in areas of cell contacts (figure 
23). Intracellular tonofilaments and desraosomes were also 
demonstrated (figure 24). 
The CC3/CUHK3 cells were also found to be in layers 
under the transmission electron m i c r o s c o p e . Interdigitated 
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n^icrovilli and i n t e r c e l l u l a r junctional complexes wore 
o b s e r v e d (figure 25). I n t r a c e l l u l a r d e s m o s o m e s and 
t o n o f i l a m e n t s w e r e found in some cells (figure 26) while 
d e n s e b o d i e s w e r e always d e m o n s t r a t e d (figure 27). 
4.1.3 Growth kineticF； studies 
The growth k i n e t i c s curve of CC2 is showed in Figure 
28. A f t e r s e e d i n g , the cells entered the resting period for 
a b o u t 1 to 2 d a y s . On the third d a y , the cell number 
increased g r a d u a l l y with the h i g h e s t rate on the fourth and 
fifth d a y s . The saturation density of the cells were 
o b t a i n e d after 11 days when the number of CC2 cells reached 
to a p p r o x i m a t e 6 . 2 x 1 0 5 . The p o p u l a t i o n d o u b l i n g time was 72 
h o u r s . 
Figure 29 is the growth curve of CC3/CUHK3 c e l l s . 
Like t h a t of the CC2 c e l l s , the cell n u m b e r of CC3 increased 
r a p i d l y at day 2 after a short resting p e r i o d . The 
e q u i l i b r i u m state was reached at the ninth day when the cell 
n u m b e r of CC3/CUHK3 cells was about l . S x l O ^ . The population 
d o u b l i n g time was 42 h o u r s . 
The growth curves of fibroblasts are shown in Figure 
30. The log p h a s e of the cells was found to be at the third 
day to seventh d a y . When the fibroblasts w e r e cultured in 
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the m e d i u m w i t h 5% FCS, the s a t u r a t i o n d e n s i t y was about 
5X105. W h e n the f i b r o b l a s t s w e r e g r o w n in the medium 
c o n t a i n i n g 10% FCS, the s a t u r a t i o n d e n s i t y obtained at the 
e l e v e n t h day w a s a b o u t 9 x 1 0 ^ . 
The g r o w t h k i n e t i c s of CC2 and C C 3 / C U H K 3 cells were 
c o m p a r e d to t h a t of the f i b r o b l a s t s in the same culture 
c o n d i t i o n s , as the f i b r o b l a s t s m o r e or less r e p r e s e n t the 
n o n - c a n c e r o u s cells in c u l t u r e system (figure 31 & 32). 
F i g u r e 33 s u m m a r i z e d the g r o w t h k i n e t i c s of CC2, 
CC3/CUHK3 and f i b r o b l a s t s in R P M I m e d i u m s u p p l e m e n t e d with 
5% or 10% F C S . The CC2 cells w e r e found to g r o w slower than 
t h e f i b r o b l a s t s in the m e d i u m w i t h e i t h e r 10% or 5% FCS, 
w h i l e the CC3/CUHK3 cells grew m u c h faster than the 
f i b r o b l a s t s in the same c u l t u r e c o n d i t i o n . M o r e o v e r , it was 
found t h a t both the CC2 and CC3/CUHK3 cells obtained a 
h i g h e r s a t u r a t i o n d e n s i t y in the m e d i u m w i t h h i g h e r FCS 
c o n t e n t (10%) than in the lower FCS c o n t e n t (5%)• 
4 . 1 . 4 . P l a t i n g e f f i c i e n c y t e s t 
W h e n the CC2 cells w e r e seeded at a d e n s i t y of 
1.5x103 p e r 25 cm^ t i s s u e c u l t u r e f l a s k , the a v e r a g e plating 
e f f i c i e n c y w a s 2 . 1 3 % . The p l a t i n g e f f i c i e n c y of CC3 cells 
s e e d i n g at the d e n s i t y of 100 cells p e r 25 cm^ tissue 
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culture flask was found to be 8% while at the density of 2 00 
cells per 25cm^ culture flask, the plating efficiency was 
5.8%. 
4.1.5 Spheroid formation assay 
4.1.5.1 Formation of spheroid from the cervical carcinoma 
cells 
The CC2 cells in suspension scattered evenly in the 
tissue culture dish after seeding. A t day 2, small cell 
climps formed by several cells appeared while most of the 
cells existed singly (figure 34) . At day 5, the size of the 
cell aggregates remained more or less the same and this 
phenomenon persisted to the end of the experiment (figure 
35)• The largest cell aggregates were found at day 7 (figure 
36) which was about 20/m in d i a m e t e r . T h e r e a f t e r , some cells 
degenerated and the cell clumps d i s a g g r e g a t e d . As a whole, 
no distinct spheroid was formed and only cell aggregates 
a p p e a r e d . Since these aggregates were too small and most of 
them disappeared at the end of the test, morphological 
studies was not carried out. 
The CC3/CUHK3 cells behaved differently in the 
spheroid formation assay. Just 2 days after seeding, small 
cell aggregates which were mostly oval in shape were found 
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and w e r e e v e n l y d i s t r i b u t e d in the t i s s u e c u l t u r e d i s h . Corno 
c e l l s still e x i s t e d singly as o b s e r v e d u n d e r the phase-
c o n t r a s t m i c r o s c o p e . D i s t i n c t c i r c u l a r b o u n d a r i e s were 
o b s e r v e d in some s p h e r o i d s formed on the fifth day and the 
d i a m e t e r of some s p h e r o i d s w e r e a b o u t 33/iin (figure 37). At 
day 7, s p h e r o i d w i t h d i f f e r e n t sizes w e r e d i s t r i b u t e d over 
t h e w h o l e dish and some of them r e a c h e d to SS/xm in diameter 
(figure 38) . S p h e r o i d s up to 200/m in d i a m e t e r could be 
o b t a i n e d on the ninth day w i t h an c o n c r e t e c i r c u l a r b o u n d a r y 
(figure 39) . The c e n t r a l area of some s p h e r o i d s w e r e darken 
w h i c h m i g h t p r o b a b l y due to the n e c r o s i s o c c u r r e d at the 
c e n t e r . S p h e r o i d s o b t a i n e d at the end of the test w e r e fixed 
and p r o c e s s e d for L M , TEM and SEM s t u d i e s . 
T h e s p h e r o i d s formed from the two cell l i n e s , CC2 
and C C 3 / C U H K 3 on the seventh day after s e e d i n g w e r e compared 
(figure 40) . It w a s found t h a t the CC2 failed to form any 
s p h e r o i d in the assay as only the cell a g g r e g a t e s were 
o b s e r v e d . C C 3 / C U H K 3 , on the o t h e r h a n d , could formed large 
m u l t i c e l l u l a r s p h e r o i d d u r i n g the a s s a y . 
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4.1.5.2 M o r p h o l o g i c a l s t u d i e s of multicellular spheroid二 
u n d e r the light m i c r o s c o p e , the spheroid consisted 
•f two d i s t i n c t layers (figure 4 1 ) . The o u t e r layer of the 
s p h e r o i d w a s c o m p o s e d of c l o s e l y p a c k e d cells while the 
inner layer c o n t a i n e d only the cell d e b r i s . The severity of 
cell d i s o r g a n i z a t i o n and n e c r o s i s i n c r e a s e d t o w a r d s the 
c e n t e r of the s p h e r o i d . 
U n d e r the s c a n n i n g e l e c t r o n m i c r o s c o p e , tightly 
a p p o s e d c e l l s on the s u r f a c e of the s p h e r o i d w e r e observed 
(figure 4 2 ) . Some r o u n d , a c t i v e l y d i v i d i n g cells were 
b u d d i n g off from the s u r f a c e and n u m e r o u s m i c r o v i l l i could 
be seen (figure 43)• 
F i g u r e 36 i l l u s t r a t e s the t r a n s m i s s i o n electron 
m i c r o s c o p i c p i c t u r e of CC3 s p h e r o i d s . The c l o s e l y packed 
c e l l s w e r e s e p a r a t e d by small s p a c e s w h i c h w e r e full of 
i n t e r d i g i t a t e d m i c r o v i l l i of c o n t i g u o u s cells (figure 4 4 ) . 
J u n c t i o n a l coinplexes w e r e found b e t w e e n a d j a c e n t cell 
s u r f a c e and m i c r o v i l l i (figure 4 5 ) . I n t r a c e l l u l a r 
t o n o f i l a m e n t s and d e s m o s o m e s w e r e also s e e n . 
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4.1.6 ChromosoTTie number study 
One hundred chromosome spreads were counted from 
each of two cell lines and most of them were aneuploidy in 
number (figure 46 & 47). The chromosome number of CC2 cells 
was in the range of 30 to 130 with a mode of 75 (figure 48). 
For CC3 c e l l s , the chromosome number varied from 55 to 1 7 0 
and the modal number was about 83 (figure 49) . Figure 50 
illustrates the comparison of the chromosome number 
distribution of two cervical carcinoma cell lines. 
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4.2 I M M U N O C Y T O C H E M I C A L STUDIES 
4.2.1 I m m u n o c y t o c h e m i c a l test for keratin 
工画unoperoxidase staining of keratin was perfonned 
on both the CC2 and CC3/CUHK cell l i n e s . Figures 51 and 52 
show the results of keratin tests in these cells 
r e s p e c t i v e l y . A f t e r A E C s t a i n i n g , b r o w n i s h - r e d coloured 
r e a c t i o n p r o d u c t s appeared in m o s t of the n u c l e i of the 
c e l l s , indicating the p r e s e n c e of k e r a t i n . These positive 
r e s u l t s c o n f i r m e d the e p i t h e l i a l origins of two cell lines. 
M o r e o v e r , the c o n t r o l s u s i n g the normal serum gave the 
n e g a t i v e results (figure 51C and 52C)• 
4.2.2 T e s t for the HPV capsid antigens 
By u s i n g the c r o s s — r e a c t i v i t y of a n t i — B P V disrupted 
capsid a n t i b o d i e s , the h o m o l o g o u s s t r u c t u r a l proteins 
p r o d u c e d from the late gene regions (LI and L2 ORFs) of 
HPV16 w e r e d e t e c t e d . In this t e s t , reaction p r o d u c t s were 
found m a i n l y in the n u c l e i rather than the c y t o p l a s m . This 
w a s c o n s i s t e n t with the findings of other w o r k e r s (Kurman, 
et a l . , 1981). 
For CC2 c e l l s , the staining signals were not strong 
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in all cells although more intense colour was still found 
the nuclei rather than the cytoplasm (figure 53A) . Several 
cells showed distinctly strong signals (figure 53B)• 
For CC3/CUHK3 cells h o w e v e r , the contrast of signal 
between the nuclei and the cytoplasi. was more prominent than 
those appeared in CC2 cells. Most of CC3 cells showed strong 
nuclear staining as showed in figure 54, and distinctly 
intense colour was observed in some cells. 
Control tests using the normal rabbit serum 
substituted for the anti-BPV antiserum for both cell lines 
were found to be negative (figure 53C & 54C)• 
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4.3 MOLECULAR STUDIES OF HPV IN CERVICAL CARCINOMA CELLS 
4.3.1 Preparation of the HPV DNA probe.s 
The DNA probes used in this study were obtained as 
cloned sequences in the plasmid vector pBR3 2 2 in Escherichia 
m l i . Since the plasmid contains the Col El replicon-like 
replication origins, the copy number of plasmids inside the 
bacteria could be amplified by chloramphenicol treatment 
(Chewell, 1972). 
Chloramphenicol was added to the bacterial culture 
at about 5 hours after incubation at 37 It was the time 
the culture reached the late log phase and the reading of 
O.D.600 was found to be 0.4-0.5. 
The isolated HPV sequence was pure enough as the 
ratio of (A260 - A330)/(A280 - A33O) equalled to 1.9. And, for 
the radioactive labelling of HPV DNA using the multiprime 
labelling system (Amersham), the % incorperation was usually 
found to be around 70% after hours of incubation. Probes 
with radioactivity about 1x10^ cpm per ml hybridization 
solution and specific activity about 1x10^ cpm per ^g DNA in 
average were used. 
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4 • 3 • 2 I ^ ^ ^ ^ g M m i - P ^ P V DNA by 幽丄纽=丄迎 
techniques; 
^•3.2.1 Dot blot hybridization 
DNA extracted from two cervical carcinoma cell lines, 
CC2 and CC3/CUHK3, were dotted onto four nylon membranes and 
hybridized to the HPV types 6, ll, 16 and 18 DNA probes 
r e s p e c t i v e l y . Only the filter hybridized to HPV 16 showed 
the strong signals (figure 55 & 56) and no cross -
hybridization was found in both CC2 and CC3/CUHK3 to other 
HPV t y p e s . M o r e o v e r , stronger signals were generated from 
the DNA samples of CC3/CUHK3 than that of the CC2 • Control 
DNA including DNA from the normal cervical tissues and the 
v e c t o r DNA (pBR322) showed the negative results. 
Southern blot hybridization 
The ethidium bromide stained agarose gel after 
electrophoresis revealed the DNA migration patterns of 
control DNAs, HPV6, 11, 16 and 18 (weak bands) and also the 
smear appearance of cellular DNA of CC2 and CC3/CUHK3. As 
the irestriction endonuclease PstI cleaves the HPV16 genome 
at six sites, fragments in size of 2.82, 1.78, 1.06, 0.91, 
0.67, 0.48 and 0.22 kb will be generated, resulting in the 
typical Southern blot pattern (Seedorf 过 , 1985). 
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These fragments are good markers for detecting typical HPV 
16 fragments by agarose gel e l e c t r o p h o r e s i s . 
The approximate sizes of the P ^ I digested HPV 16 
DNA observed from the gel were 2.8, 1.8, l.i, o.9, 0.6 and 
0.5 kb where the 0.2 kb fragment could not be observed under 
UV illumination. This might be due to the relative small 
size of DNA molecules after enzyme digestion which could 
hardly be distinguished in the ethidium bromide stained gel. 
N e v e r t h e l e s s , the gel pattern observed was consistent with 
the expected pattern mentioned above, on the other hand, the 
smear formed by cellular DNA was the result of cutting by 
the restriction enzyme P ^ I at multiple sites within the 
genome which the produced DNA fragments of varying length. 
From the X-ray film after two days exposure, i 
distinct bands were demonstrated in P ^ l digested HPV 16 
DNA, as P ^ I cut HPV16 at 6 sites (figure 57). The CC2 DNA 
digested with P ^ I showed four bands with size about 2.7, 
1.8, 1.5 and 1.1 kb while CC3/CUHK3 cells produced three 
distinct bands of about 2.8, 2.0 and l.O kb in size. The 
2.8 kb P ^ I fragment containing the El, E2 and the 5 丨 end of 
the E4 ORFs appeared to be present in both the CC2 and 
CC3/CUHK3 cells. The E6 and E7 containing fragment of about 
1.8 kb in size could be found in CC2 cells but might have 
some rearrangement in CC3/CUHK cells, resulting in the 
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presence of band of 2.0 kb which was 0.2 kb larger than tho 
1.8 kb fragment in size. The 1.5 kb fragment comprised 
inainly the LI region and the 5 丨 end of the L2 seemed to be 
retained in CC2 cells rather than in CC3/CUHK3 cells. 
F u r t h e r m o r e , the fragment around 1 kb was found in both two 
cells indicating the presence of the 3' end of E4 region, 
the E5 region and the 5 丨 end of the L2 region in these 
c e l l s . 
N e v e r t h e l e s s , the precise gene regions of the HPV 
retained in the genome of cervical carcinoma cells could not 
completely elucidated in this stage, since genetic 
rearrangement within the host genome or modifications during 
viral DNA integration such as deletion and amplification 
m i g h t had occurred. To solve this p r o b l e m , further genetic 
analysis was carried out (section 4.3.3.2). 
In situ hybridization 
When biotinylated HPV 16 DNA probes were hybridized 
to the frozen sections of CC2 and CC3/CUHK3 cells, brown 
coloured reaction products were found in the nuclei of the 
cells (figure 58 & 59). Control slides using biotinylated 
HPV 18 or PBR322 as probes showed negative results (figure 
58C & 59C). The minor distortion of cells might be due to 
the multistep treatments i.e. cryostat sectioning, 
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d e h y d r a t i o n , h e a t i n g and h y b r i d i z a t i o n during tiio 
e x p e r i m e n t . 
4-3.3 Copy n u m b e r and p h y s i c a l state s t u d i e s 
4 . 3 . 3 . 1 Copy n u m b e r of H P V DNA in the c e r v i c a l carcinoma 
c e l l s 
T h e r e s u l t of a u t o r a d i o g r a p h y is showed in Figure 
60 • S e r i a l r e d u c t i o n of the signal i n t e n s i t i e s due to the 
serial h a l f - d i l u t i o n of the s a m p l e s w e r e d e m o n s t r a t e d in 
H P V 1 6 DNA as w e l l as the DNA e x t r a c t e d from the CC2 and 
C C 3 / C U H K 3 c e l l s . The r e a d i n g s from d e n s i t o m e t e r d e t e c t i o n of 
the s i g n a l s w e r e p l o t t e d a g a i n s t the r e l a t i v e a m o u n t of DNA 
(figure 6 1 ) . T h e o r e t i c a l l y , the area u n d e r the curve 
r e c o r d e d from the d e n s i t o m e t e r should be taken as the 
p a r a m e t e r . H o w e v e r , p r e l i m i n a r y study showed t h e r e w a s also 
a l i n e a r r e l a t i o n s h i p of the p e a k h e i g h t to the 
c o n c e n t r a t i o n and similar r e s u l t s w e r e o b t a i n e d by the use 
of e i t h e r two p a r a m e t e r s in this c a s e . 
From the figure 61, it w a s found t h a t the graph 
p a t t e r n s of two cell lines w e r e s i m i l a r to t h a t of the 
s t a n d a r d H P V 1 6 D N A . G e n e r a l l y , the i n t e n s i t y of 
d e n s i t o m e t e r signal w a s l i n e a r l y increased w i t h 七he 
i n c r e a s i n g a m o u n t of DNA at the b e g i n n i n g . W h e n DNA amount 
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w a s reached to certain l e v e l , the r e l a t i o n s h i p between tho 
i n t e n s i t y of d e n s i t o m e t e r signal and DNA c o n t e n t b e c a m e non-
l i n e a r u n t i l r e a c h i n g the 'saturation p o i n t ' . This result 
w a s c o n s i s t e n t with that r e p o r t e d by A d e r s o n and Young 
(1983). 
For s e a r c h i n g for the a p p r o x i m a t e copy n u m b e r of two 
c e r v i c a l c a r c i n o m a cell l i n e s , the l i n e a r p o r t i o n of the 
s t a n d a r d curve w a s a m p l i f i e d . The d e n s i t o m e t e r signals of 
the s a m p l e DNAs w e r e then p l o t t e d onto the g r a p h . The 
a p p r o x i m a t e copy n u m b e r of HPV16 DNA w a s then d e t e r m i n e d by 
p l o t t i n g the d e n s i t o m e t e r s i g n a l s of the sample DNA v s . 
c o n c e n t r a t i o n of DNA u s e d , the n u m b e r of cells p l u s and the 
DNA mass e x t r a c t e d from the c e l l s . 
T h e a p p r o x i m a t e copy n u m b e r of HPV16 DNA in CC2 
g e n o m e w a s found to be 5.44x105 p e r fig of CC2 g e n o m e . 
A s s u m m i n g t h a t the DNA c o n t e n t of each c a n c e r cell equalled 
to t h a t of a normal d i p l o i d cell (3x10^ bp in size per 
c e l l ) , t h e copy n u m b e r of H P V DNA w a s a p p o x i m a t e l y 2 p e r CC2 
c e l l s . In C C 3 / C U H K 3 , HPV16 w a s a b o u t l . O l x l O ^ c o p i e s p e r 叫 
of t o t a l c e l l u l a r DNA or about 4 c o p i e s p e r CC3/CUHK3 cell 
t a k i n g the same a s s u m p t i o n of t h a t in CC2 • H o w e v e r , the 
e x t r a c t a b l e DNA c o n t e n t in CC2 and CC3/CUHK3 cells were 
a b o u t 12pg and 16pg p e r cell in this e x p e r i m e n t w h i c h were 
m o r e than the normal s t a t e . 
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4.3.3.2 Physical state of HPV DNA in the cultured cervical 
carcinoma cells 
Figure 62 shows the Southern blot analysis of the 
cervical carcinoma cell g e n o m e s . The Ba福工 digests of the 
cell line CC2 resulted in 2 b a n d s , one major band of 5.0 kb 
and a m i n o r band with m o l e c u l a r weight over 40 kb. The 
CC3/CUHK3 DNA digested with M m H I showed two distinct bands 
with the sizes approximately of 5.0 kb and 2.9 k b . 
The _ R I cuts twice within the same area of the 
HPV16 genome at the 3 ' end of the LI and the 5, end of the 
non-coding region, producing a 636bp fragment. The EcoRI 
digested CC2 DNA revealed the single band which was about 
4.3 kb in size while the CC3/CUHK3 showed a 10 kb b a n d . 
E i n d l l l here appeared to digest the viral genome 
once in CC2, resulting in the digested product co-migrated 
with the high molecular weight DNA, implying a simple 
integration p a t t e r n . However, there were three distinct 
bands with sizes more than 30 kb in C C 3 / C U H K 3 . Thus Hindlll 
digestion of CC3/CUHK3 indicated an amplification of the HPV 
sequences with some host cellular sequences and also 
appeared to have a complex integration p a t t e r n . 
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Total RNA extracted from the CC2 and CC3/CUHK3 cells 
were separated on 1.2% agarose gel, the 28S and 18S rRNA 
together with the smear appearance of other species of RNA 
were clearly seen on the ethidium bromide stained gel 
(figure 63)• 
When total RNAs of the two cervical carcinoma cell 
lines were blotted onto the filter and hybridized with HPV 
16 DNA probes, both the cell lines gave the bands at the 
site near the 28S ribosomal RNA marker which was approximate 
5.0 kb in size (figure 64). 
When the subgenomic HPV 16 DNA probes were used 
which comprised only the E6 and E7 ORFs, the CC2 gave bands 
around 4.5 kb and 1.5 kb while the CC3/CUHK3 demonstrated 
an additional band of about 2.5 kb (figure 65). 
The presence of strong signals in this Northern blot 
analysis indicated the presence of HPV 16 specific 
transcripts in both cell lines. Furthermore, the positive 
signals obtained after hybridization to the HPV 16 subgenomic 
fragment containing the E6/E7 ORFs showed the existence of 
the transcripts of these ORFs. These observations were 
consistent with the findings reported in other groups where 
the E6 and E7 ORFs responsible for the transformation were 
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consistently found in culture cervical carcinoma coll l i n o . 
(Baker 红 , 1987; Spence 过红•，1988; Shirasawa 丝丛.， 
1989). 
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CHAPTER 5 DICUSSIONS 
5.1 C H A R A C T E R I Z A T I O N OF C E R V I C A L C A R C I N O M A C E L L LINES 
5*1.1 M o r p h o l o g i c a l features of two n P r v i c a l e a r n i n g 
cell linec; 
The CC2 and C C 3 / C U H K 3 , d e r i v e d from the two Chinese 
w o m e n w i t h m o d e r a t e l y and w e l l d i f f e r e n t i a t e d squamous 
c a r c i n o m a s r e s p e c t i v e l y , h a v e been c o n t i n u o u s l y subcultured 
for o v e r 80 p a s s a g e s in the p a s s two y e a r s . The 
e s t a b l i s h m e n t and c h a r a c t e r i z a t i o n of t h e s e two cell lines 
p r o v i d e the i n f o r m a t i o n a b o u t the m o r p h o l o g y and p h y s i o l o g y 
of c e r v i c a l c a r c i n o m a cells in in v i t r o c u l t u r e s y s t e m . 
T h e s e i n f o r m a t i o n is i m p o r t a n t for the u n d e r s t a n d i n g of the 
b i o l o g i c a l p r o p e r t i e s of c a r c i n o m a cells as w e l l as the 
d e v e l o p m e n t of in v i t r o m o d e l for t r e a t m e n t and other 
p h a r m a c o l o g i c a l s t u d i e s . 
The c h a r a c t e r i s t i c s of CC2 and C C 3 / C U H K 3 , w h i c h were 
d e r i v e d from c a r c i n o m a s of d i f f e r e n t d i f f e r e n t i a t i o n stage, 
are n o t i d e n t i c a l . The p h a s e - c o n t r a s t m i c r o s c o p e revealed 
t h e p r o m i n e n t formation of cell c o l o n i e s in CC2 cells rather 
than in the CC3/CUHK3 c e l l s . This can be i n t e r p r e t e d by the 
r e l a t i v e s u s c e p t i b i l i t y of CC2 to t r y p s i n i z a t i o n during 
s u b c u l t u r e and also the slower g r o w t h rate of CC2 compared 
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to that of the CC3/CUHK3. 
M o r p h o l o g i c a l l y , both the cells of both cell lines 
appeared as pleomorphic in size and shape. Numerous 
m i c r o v i l l i and bizarre-shaped cytoplasmic projections were 
observed under S E M . These are consistent with the findings 
in other cervical carcinoma cells (Murphy ^ , 1975；工七〇 
and K u d o , 1982)• 
Under the TEM, the two cell lines showed similar 
u l t r a s t r u c t u r e . They both had irregular-shaped nuclei, 
p r o m i n e n t chromatin at the periphery of the nuclei, deep 
invaginated nuclear m e m b r a n e s , intracytoplasmic desmosomes, 
s c a t t e r e d , perinuclear tonofilaments and complex inter-
cellular interdigitations. These ultrastructural features 
are similar to that observed in the cervix biopsies as well 
as other established cervical carcinoma cell lines (Freedman 
^ ‘ 1982,• Kivinen and stenback, 1983) . Also, 
tonofilaments and desmosomes were more easily and frequently 
found in CC3/CUHK3 cells than in the CC2 cells. This may be 
due to the well differentiated nature of the original tissue 
from which CC3/CUHK3 were derived and the moderately 
differentiated original tissue from which CC2 were 
e s t a b l i s h e d . 
In examining the carcinoma cells on collagen gel, 
both the cells laid flat on the surface of the gel with 
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n u m e r o u s slender filopodia attached to the collagen tjberi：. 
T h i s b e h a v i o u r w a s also reported in other cervical carcinoma 
cells (Cuprar and L e v e r , 1974). F u r t h e r m o r e , TEM studies 
revealed that both the CC2 and CC3/CUHK3 cells had the 
a b i l i t i e s to p e n e t r a t e into the gel m a t r i x with the 
c y t o p l a s m i c p r o c e s s e s , and p r o m i n e n t e n d o p l a s m i c reticulum 
w a s o b s e r v e d in cells g r o w i n g on c o l l a g e n g e l . similar 
p h e n o m e n o n has also been d e s c r i b e d in other mammary 
e p i t h e l i a l cells cultured on collagen gel (Gaelagher ^ , 
1980; H e d m a n 红仏，1982, Emerman and P i t e l k a , 1977). The 
o b s e r v a t i o n that CC3/CUHK3 cells seemed to infiltrate deeper 
in c o l l a g e n m a t r i x than the CC2 cells may p r o b a b l y relate to 
the v a r i a t i o n in invasiveness of the c e l l s . 
In a d d i t i o n , the sign of terminal d i f f e r e n t i a t i o n 
d e f i n e d by the increased n u m b e r of t o n o f i l a m e n t s and 
d e s m o s o m e s (Bandk-Schegel and Q u i n t e r o , 1986) w a s not 
p r o m i n e n t in both cell l i n e s . W h e t h e r this phenomenon 
r e l a t e s to HPV infection as d e s c r i b e d by W o o d w o r t h and his 
a s s o c i a t e s (1988) is not c l e a r . 
5.1.2 O t h e r c h a r a c t e r i s t i c s of the cell lines 
Despite the slight d i f f e r e n c e s in m o r p h o l o g i c a l 
p r o p e r t i e s of two cell l i n e s , their growth kinetics showed 
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d i s t i n c t d i f f e r e n c e . First of all, in the same culture 
medium supplemented with same proportion of FCS (5% or 10%), 
CC2 cells needed at least 24 hours more to reach the log 
growth phase than the CC3 c e l l s . The saturation density in 
CC2 cells in medium with either 5% or 10% FCS was 
approximately threefold less than that of the CC3/CUHK3 
c e l l s . S e c o n d l y , the population doubling time of CC2 was 72 
hours which was twofold longer than that of the CC3/CUHK3 
c e l l s . T h i r d l y , when compared to the growth kinetics of 
f i b r o b l a s t s , CC2 cells obtained a lower saturation density 
than fibroblasts whereas CC3/CUHK3 cells acquired a higher 
saturation density than the fibroblasts. The elevated growth 
rate in CC3/CUHK3 cells compared to the CC2 cells reflects 
the v a r i a t i o n in the mitotic activity as well as the degree 
of aggressiveness of the cell lines. 
In addition, the difference in the biological 
p r o p e r t i e s of two cell lines in culture system is also 
demonstrated in the plating efficiency t e s t . CC3/CUHK3 cells 
had a higher plating efficiency than the CC2 cells. This may 
be due to the variation in autonomous growth of the 
carcinoma cells in v i t r o . It is reported that carcinoma 
cells usually have the abilities to secret modified growth 
factors and synthesize modified growth factor receptors due 
to the function of various oncogenes and viral oncogenes, 
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(Bishop, 1985, Klein and K l e i n , 1 9 8 4 , Sporn and R o b e r t s , 
1 9 8 5 ) . T h i s e n h a n c e d a u t o c r i n e function in c a n c e r celli： 
s u p p o r t s the o b s e r v a t i o n s of h i g h g r o w t h rate and high 
p l a t i n g e f f i c i e n c y found in some c e l l s in c u l t u r e . The 
p l a t i n g e f f i c i e n c y v a l u e s for the two lines d e s c r i b e d here 
are in the s i m i l a r range as t h o s e found in o t h e r four human 
c e r v i c a l c a r c i n o m a cell lines (Kelland 驻仏， 1987). 
M o r e o v e r the c o m p a r a t i v e low g r o w t h rate as w e l l as the low 
p l a t i n g e f f i c i e n c y in CC2 c e l l s can be e x p l a i n e d by the less 
a g g r e s s i v e n a t u r e of the c e l l s . 
T h e a b i l i t y of c a n c e r cell to form m u l t i c e l l u l a r 
s p h e r o i d s r e f l e c t s the a n c h o r a g e i n d e p e n d e n t g r o w t h of the 
t u m o u r cells in v i t r o . In the t e s t for s p h e r o i d f o r m a t i o n , 
CC2 c e l l s failed to form any s p h e r o i d w h i l e C C 3 / C U H K 3 cells 
c o u l d form large m u l t i c e l l u l a r s p h e r o i d s . T h e r e a s o n for 
t h i s is n o t c l e a r a l t h o u g h C a r l s s o n and h i s c o - w o r k e r s 
r e p o r t e d t h a t n o t all t u m o u r cells can be g r o w n as shperoids 
(1983). The large s p h e r o i d s formed from C C 3 / C U H K 3 cells have 
a n e c r o t i c c e n t e r w i t h c l o s e l y p a c k e d o u t e r cell layer. 
S i m i l a r s t r u c t u r e has been shown in s p h e r o i d s of other 
c a n c e r cell lines (Carlson 驻 红•， 1983 ； M o k , 1986). 
F u r t h e r m o r e , as m u l t i c e l l u l a r s p h e r o i d s r e s e m b l e solid 
t u m o u r in v i v o , it can p r o v i d e a m o d e l s y s t e m , for the study 
of the e f f e c t s of v a r i o u s d r u g s on h u m a n t u m o u r in vitro 
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(Wibe 驻丛•， 1984; Sasaki 驻 al., 1984; Kwok and Twentyman, 
1985). From this point of v i e w , CC3/CUHK3 cells is more 
useful in the pharmacological studies than the CC2 cells. 
The studies of the distribution of chromosome number 
showed that the cells had an aneuploidy chromosome number 
ranging from diploid through hyperdiploid to tetraploid. The 
modal chromosome numbers were found to be 75 and 8 3 for CC2 
and CC3/CUHK3 respectively. Similar results have also been 
demonstrated in other cervical carcinoma cell lines in which 
the mean chromosome number was found to be 70 to 75 (Kelland 
驻红•， 1987). According to Biedler (1975), the karyotypes 
of tumour cells will not be greatly influenced by the 
culture p r o c e d u r e s , the chromosome number distribution of 
two cervical carcinoma cell lines reflect their malignant 
n a t u r e . 
Attempts were also made to search for the HPV viral 
particles in both cell lines. H o w e v e r , no viral particles 
was found. This could be explained by the well accepted 
pheno-menon that HPV viral particles have not been 
successfully propagated in the tissue culture system. 
Furthermore, as shown in the characterization 
studies, the CC3/CUHK3, which was derived from a more 
differentriated carcinoma, was more aggressive in nature 
than CC2. In general, the well diferentriated carcinoma 
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should be less aggressive in n a t u r e . The observcitjon 
described here contradicted to this general p r o p e r t y . This 
could be interpreted by the different b e h a v i o u r of cells in 
i n vivo and in vitro systems. During continuous culture, the 
p r o p e r t i e s of CC3/CUHK3 cells might be altered and selected 
in p a r t i c u l a r culture c o n d i t i o n . In this case, the cells 
which were more aggressive were s e l e c t e d . The same things 
m i g h t also be occurred to CC2 where the less aggressive 
nature was k e p t . T h e r e f o r e , the in vitro characters of 
cultured cells could not reflect the actual properties of 
them in this c i r c u m s t a n c e . 
Finally, from the m o l e c u l a r studies of HPV DNA in 
these cell lines, CC3/CUHK3 contained more copies of HPV DNA 
sequences than CC2. It could then be speculated that the HPV 
DNA integrated in the genome of the cells should have some 
effects on the biological properties of the cells, i.e. the 
formation of spheroids, the high plating efficiency and the 
aggressive n a t u r e . Further investigations should be 
conducted to coorelate the molecular biology of HPV DNA in 
cervical carcinoma cells with the biological and 
physiological properties of the cells. 
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5.2 IMMUNOCYTOCHEMICAL STUDIES 
5.2.1 Test for keratin antiaenf^ 
The epithelial origins of cultured CC2 and CC3/CUHK3 
cells w e r e verified by examining the keratin synthesis by 
the use of peroxidase staining with the anti-keratin 
a n t i b o d i e s . Both the CC2 and CC3/CUHK3 cells showed strong 
p o s i t i v e r e s u l t s . Similar results have also been described 
in other cervical carcinoma cell lines (Woodworth 驻红., 
1988, Kelland 驻紅• , 1987). For detecting the level of 
]ceratin gene expression, distinguishing different classes of 
keratin antigens as well as determining the amount of 
keratin gene p r o d u c t s , the protein gel electrophoresis 
m e t h o d s can be used for further analysis (Woodworth 娃红•, 
1988). 
5.2.2 Test for HPV capsid antiaenf^ 
Previous reports have revealed that the 
papillomavirus capsid antigens do present in cells of fresh 
biopsy specimens (Wilbur ^ ， 1988; Pilotti ^ ， 
1984). The characteristic nuclear staining can be observed 
in the positive cells detected with a broadly cross-reactive 
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serum raised against bovine papillomavirus capsid antigens. 
No immunocytocheinical study of anti-papillomavirus capsid 
antigen in cultured carcinoma cells has been reported. The 
m a j o r reason for this is the unsuccessful propagation of HPV 
virions in tissue culture system. Hence it was concluded 
that no complete viral capsid protein synthesis and virus 
assembly would occur in cultured cells. M o r e o v e r , the 
antiserum react with the major capsid protein encoded by the 
LI gene which is predominantly expressed in the highly 
differentiated cells. The carcinoma cells which seldom reach 
the terminal differentiation stage in normal cultural 
conditions have been expected to be negative for the 
iinmunocytochemical tests. 
Nevertheless, in contrary to the expectation, 
positive results were demonstrated in both the CC2 and 
CC3/CUHK3 cells. Distinctly strong nuclear staining was 
shown with clear contrast in the cytoplasm and nuclei. 
Although viral particles could not be found under TEM 
examination, positive reactions with the capsid antigen have 
revealed the presence of capsid proteins synthesis. The 
exact mechanism is not clear, but one can postulate that 
there might have some late gene expressions from the viral 
late gene region i.e. LI ORF. Synthesis of intact or 
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d e f e c t i v e p r o t e i n p r o d u c t s m i g h t then o c c u r r e s u l t i n g in 
b e i n g r e c o g n i z e d , p a r t i a l l y or c o m p l e t e l y , by the 
a n t i b o d i e s . In fact, similar findings in w h i c h the capsid 
a n t i g e n s are detected b u t w i t h o u t any o b s e r v a t i o n of the 
v i r i o n s or c y t o p a t h i c effects h a v e been reported (Romem and 
F i f e , 1989) . For further c o n f i r m a t i o n of the p r e s e n c e of Ll 
g e n e r e g i o n , s u b g e n o m i c fragment c o n t a i n i n g only the Ll 
region can be used as the p r o b e for Southern b l o t and 
N o r t h e r n b l o t h y b r i d i z a t i o n . W h e t h e r the gene encoding Ll 
p r o d u c t is p r e s e n t or the gene is t r a n s c r i b e d can then be 
d e t e c t e d . M o r e o v e r , analysis of the Ll p r o t e i n i.e. Westhern 
b l o t and gel e l e c t r o p h o r e s i s should be carried out to 
d e t e r m i n e the exact m o l e c u l a r w e i g h t of the p r o t e i n so as to 
confirm the intact or the d e f e c t i v e form.• 
F u r t h e r m o r e , as revealed by R o m e n (1989), immuno-
c y t o c h e m i c a l test for p a p i l l o m a v i r u s group—specific antigens 
c a n n o t be used to distinguish d i f f e r e n t types of H P V ,七 h e 
d e v e l o p m e n t of type specific epitopes for H P V can thus 
enhance the sensitivity and specificity of the test. 
R e c e n t l y , several groups have reported the construction of 
such antibodies (Firzlaff 娃 , 1988; A n i s i m o r a 驻紅•， 
1990,• J e n i s o n ^ 丛•， 1988; Banks ^ 丛•， 1987; Steele ^ 
m i . , 1990; Jenkins ^ 红•； 1990) . If such reagents are 
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successfully used for the detection of specific HPV types, 
this method will become a simple, rapid and inexpensive 




5.3.1 Establishment of methodg 
The major tool used in this study - the HPV DNA 
probes were kindly given by Prof H . zur Hansen (Heidelberg, 
Germany) which is provided in the form of plasmid inserts in 
the bacteria ^ c h e ^ ^ in order to obtain large 
amount of HPV DNA p r o b e s , the bacteria were grown in large 
volume and the copy number of the plasxnid vector pBR322 were 
amplified by the chlorainphenicol treatment. The addition of 
Chloramphenicol should be at the time when the bacterial 
culture was at the late log p h a s e . This is because 
Chloramphenicol can inhibit prokaryotic protein synthesis, 
and thus Should be added in a rapid growing population in 
relative low concentration. 
During the growth of b a c t e r i a , aeration and 
nutrition are important factors which affect the growth rate 
Of the bacteria. This can be achieved by vigorous shaking 
and growing the bacteria in nutrient rich medium. Otherwise, 
the yield of the bacteria would be very low. 
For preparation of the molecular probes, both the 
radioactive and non-radioactive labelling processes were 
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perforxned by u s i n g the same m e t h o d , the .ultipri.er 
extension m e t h o d . The labelling of the DNA p r o b e s by this 
m e t h o d u s u a l l y result in h i g h e f f i c i e n c y w i t h about 60%-70% 
i n c o r p o r a t i o n . H o w e v e r , the e f f i c i e n c y is g r e a t l y influenced 
b y several factors : (1) the p u r i t y of the DNA used for 
l a b e l l i n g , since enzyme reaction w i l l be inhibited by the 
p r e s e n c e of any contaminants; (2) the incubation temperature 
during l a b e l l i n g , as enzyme a c t i v i t y is affected by this 
factor; (3) the length of the DNA used for l a b e l l i n g , for 
low e f f i c i e n c y of labelling w i l l be resulted w h e n short DNA 
fragnients are used; (4) the d e n a t u r i n g step before 
l a b e l l i n g , since the reaction of labelling m o s t l y depends on 
the b i n d i n g of primers to the single stranded DNA templates, 
insufficient d e n a t u r a t i o n will result in d r a m a t i c decreasl 
in labelling e f f i c i e n c y . 
In the d o t b l o t and Southern b l o t h y b r i d i z a t i o n s , 
DNA was blotted onto nylon m e m b r a n e instead of thl 
t r a d i t i o n a l l y used n i t r o c e l l u l o s e filter. It is because more 
and m o r e advantages have been found w i t h the use of nylon 
m e m b r a n e . For instances, nylon m e m b r a n e is m o r e resilient, 
easier to h a n d l e , has b e t t e r re-probe ability and needs 
short time for fixation (under U V , 10-15 m i n u t e s only). 
Nitrocellulose filter, on the other hand, is fragile, less 
sensitive and need longer time for fixation (at 80。C, 
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usually two hours) (Twomy and Krawetz, 1990). 
Moreover, DNA samples were blotted onto the nylon 
membrane during hybridization with the use of traditional 
method (Southern method) and the vacuum blot method. The 
Southern method is well established as it is simple and the 
efficiency of DNA transfer is acceptable. On the other hand 
the vacuum blot, which is a method developed recently, has 
several advantages over the traditional method. For example, 
it is time saving as complete transference of nucleic acid 
can be achieved within a few hours. Also, less reagent is 
required since only the gel surface is needed to be covered 
instead of immersed in the traditional method. In addition, 
the vacuum blot method is important for the RNA blotting as 
short transference time decrease the risk of RNA damages by 
RNase contamination. 
5.3-2 Detection of HPV DNA seauenn^s bv nucl^iV.…• h 
hybridizations 
5-3.2.1 Dot blot hybridization 
The results of dot blot hybridization indicate the 
presence of HPV 16 DNA in the CC2 and CC3/CUHK3 cells and 
absence of HPV6, HPVll and HPV18 DNA sequences in these 
cells. Since many types of HPV have been found, the presence 
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Of other types of HPV apart fro. these four types in 七he 
cell lines cannot be ruled out. 
in this study, cross-hybridizations among four types 
Of HPV DNAS were observed, this findings have also been 
documented ( Wic.enden 过紅• , 19S7). since DNA was focused 
onto the hybridization men^rane in dot blot hybridization 
high stringent condition in order to reduce the background 
signals or to reduce the false-positive signals should be 
c o n d u c t e d (Ro.en, 1989). H o w e v e r , as the cellular ONA 
contained relatively little proportion of HPV geno.e, the 
use Of too high stringency would result in loss of 
sensitivity. After high stringency and prolonged washes, 
positive signals were even lost in the positive controls. 
For improving the specificity as well as the sensitivity of 
dot blot hybridization, total cellular DNA should be dotted 
in larger amount, i.e. 2-5叫 and the DNA probes with high 
s p e c i f i c activity should be u s e d . A f t e r such m o d i f i c a t i o n , 
low background and strong positive signals of the test were 
achieved (fig. 55B). 
5-3•2.2 Southern b l o t hybridization 
The p r o b l e m s concerning the specificity and 
sens i t i v i t y were also encountered in the Southern blot 
h y b r i d i z a t i o n . R e l a t i v e l y lower stringency than that used in 
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dot blot hybridization was applied to the Southern blot 
hybridization in order to visualize the faint bands, in 
addition, the time of autoradiography extended in order to 
monitor the week signals in Southern blot hybridization. 
Exposure time usually was two to three days more than that 
of the dot blot hybridization. 
In the result of Southern blot hybridization, CC2 
showed the characteristic HPV16-specific DNA fragments which 
were also detected in other cervical carcinoma cells 
(Maitland 过 丛 ， 1 9 8 7 ; Meanwell 驻丛 •， 1 9 8 7 ) . Three bands 
were approximately identical to the HPV 16 prototype. The 
1.5 kb fragment detected in CC2 cells might be the 
combination of the 0.64 and 0.91 kb fragments which was cut 
by the MmHI in HPV control DNAduring the isolation of HPV 
inserts from the plasmid vectors (section 3.3.2)• 
The result obtained in this study revealed the 
retention of most parts of the viral genome within the 
cells, except the 0.48 kb fragment containing the portion of 
the L2 ORF. Alteration might be present in the E1/E2/E4 
region as only 2.7 kb fragment instead of the 2.82 kb 
fragment was detected. Therefore, deletion in the late gene 
region (L2 ORF) as well as the early gene region (E1/E2/E4) 
was present in the CC2 cells. Such alterations has also been 
observed in other cervical carcinoma cell lines (Baker ^ 
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— “ 1 9 8 7 ) . M o r e o v e r , there are reports showing that 
integration of H P V DNA u s u a l l y occurs at the site of El or 
E2 O R F S , and the L2 ORF codes only for the m i n o r capsid 
p r o t e i n w h i c h does not play any important role in malignant 
t r a n s f o r m a t i o n in the carcinoma cells (Choo ^ 红•，1937； 
S h i r a s w a w a 驻红•, 1987; Reid and C o m p i o n , 1 9 8 8 ) . 
In CC3/CUHK3 c e l l s , h o w e v e r , the three distinct 
b a n d s indicate the p r e s e n c e of p a r t of the H P V genome such 
a s t h e E l O R F a n d 5丨end o f E 2 a n d E4 O R F ( 2 . 8 2 k b f r a g m e n t ) , 
the 3丨end of the LI O R F , E6/E7 ORF (1.8 kb fragment) and the 
5 •end of LI and 3 丨 end of the L2 region (0.9 kb fragment). 
Deletion m a y occur as in that of the CC2 c e l l s , in the early 
region (E2, E4 and E5 region) and the late g e n e region (LI 
and L2 region) due to the absence of this f r a g m e n t . The 
d e t a i l s of alterations in HPV16 DNA as well as its physical 
state in these cell lines w e r e further analysis in the 
following s e c t i o n s . 
5.3.2.3 In situ h y b r i d i z a t i o n 
Both the CC2 and CC3/CUHK3 cells showed positive 
signals in the in M t u h y b r i d i z a t i o n as brown products 
appeared in the n u c l e i of the c e l l s . The reaction was 
specific since no such p r o d u c t s w a s found in the controls 
w h e r e DNA p r o b e s of HPV18 and pBR3 2 2 were used. 
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Nevertheless, the morphology of the cells was not well 
p r e s e r v e d . It is caused by v a r i o u s t r e a t m e n t s in the 
hybridization procedures, including dehydration, the heat-
d e n a t u r a t i o n , and even the frozen section p r e p a r a t i o n . 
H e n c e , t h e r e are rooms for i m p r o v e m e n t in this t e c h n i q u e s . 
M o r e o v e r , in the p r e s e n t s t u d y , frozen sections of 
cell p e l l e t w e r e used instead of the c o m m o n l y used biopsy 
s e c t i o n s or p a r a f f i n - e m b e d d e d t i s s u e b l o c k s . T h e reasons for 
a d o p t i n g such m e t h o d are as follows : i) cell sections was 
easy a v a i l a b l e as the cell lines w e r e c o n t i n u o u s l y 
m a i n t a i n e d in our laboratory; ii) a lot of sections were 
n e e d e d for t h e d e v e l o p m e n t of the t e c h n i q u e s b e f o r e optimal 
c o n d i t i o n s w e r e e s t a b l i s h e d . U s e of cell s e c t i o n s w a s then a 
good w a y for saving large a m o u n t of t i s s u e b l o c k s which 
m i g h t h a v e o t h e r u s a g e s ; iii) since the p r e s e n c e of specific 
t y p e Of H P V DNA h a s been c o n f i r m e d by d o t b l o t and Southern 
b l o t h y b r i d i z a t i o n , it is easier to c o n t r o l and m o n i t o r the 
c o n d i t i o n s of h y b r i d i z a t i o n d u r i n g n u m e r o u s t r i a l s . 
In the in situ h y b r i d i z a t i o n , DNA of the sample does 
n o t need to be extracted and only a small a m o u n t of cells is 
u s e d . M o r e o v e r , it could w o r k with non-radioactive DNA 
p r o b e s (i.e. b i o t i n y l a t e d probe) and is r e l a t i v e l y simple 
(few p r o c e d u r e s , just like an i膽 u n o c y t o c h e m i c a l t e s t ) , fast 
(within one to two days) and economical (few reagents and no 
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r e s t r i c t i o n enzyme or r a d i o a c t i v e - i s o t o p e is n e e d e d ) , and 
m o r e i m p o r t a n t , it can give the g e o g r a p h i c d e t a i l s of the 
l o c a t i o n of H P V infection in the b i o p s y s p e c i m e n s . Finally, 
it is u s e f u l in d i g n o s i s and screening of H P V infection and 
in p r e d i c t i o n of m a l i g n a n t conversion by t e s t i n g for the 
h i g h risk H P V t y p e s . 
5 丄 3 Copy nunRbP.r and physical . q h t。 c ^ h …。。 
5.3.3 . 1 Copy n u m b e r of H P V DNA in cervical carcinoma cells 
The copy n u m b e r of H P V DNA defined as the genome 
copy of H P V p e r diploid cells w e r e estimated and it was 
found t h a t the copy n u m b e r of H P V was h i g h e r in CC3/CUHK3 
cells than in the CC2 c e l l s . This was c o n s i s t e n t with the 
strong signals observed in the CC3/CUHK3 rather than the CC2 
in b o t h the d o t b l o t h y b r i d i z a t i o n and Southern blot 
h y b r i d i z a t i o n w h e n same amount of DNAs w e r e u s e d . H o w e v e r , 
w h e t h e r the d i f f e r e n c e in H P V copy n u m b e r between two cell 
lines related to their invasive or aggressive nature is not 
c l e a r . 
In a d d i t i o n , the copy number estimated in this study 
w a s only an approximate v a l u e , the actual copy number per 
each CC2 or CC3/CUHK3 cells was not c e r t a i n . It is because 
p i t f a l l s are commonly found in the copy number estimation, 
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they are: (1) the assumption of taking the whole HPV genome 
(7.9 kb) would cause misleading in thinking about the 
presence of complete sequence in the cells. m fact, 
deletion and amplification of HPV genome in cervical 
carcinoma cells are co職on. (2) The assumption using in 
calculation that human genome has 3x10^ bp in size is 
usually not true in cancer cells as most of them are 
.aneuploidy. (3) There were loss of DNA during the extraction 
procedure, thus the actual copy number might be more than 
that estimated in this experiment. (4) The result is 
stringency dependent. Since the control HPV DNA is 100% 
homology with the probe and far less homology is present in 
cellular DNA, high stringent washes of the membrane usually 
releases certain amount of low homologous duplexes in 
cellular DNA without washing away any of the stable, ioo% 
homologous duplex in HPV control. Hence, the signals 
obtained in the tested DNA samples might only be a portion 
of the original o n e. Thereafter, for accurate estimation of 
HPV copy number, parallel experiment with the use of 
internal copy number control i.e. DNA with known copy number 
should be included. Also, the exact DNA content in specific 
cells is needed to be measured. 
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5 . 3 . 3 . 2 P h y s i c a l s t a t e of H P V in the c u l t u r e d c e r v i c a l 
c a r c i n o m a c e l l s 
It is w e l l d o c u m e n t e d t h a t H P V DNA e x i s t s in the 
c e r v i c a l c a r c i n o m a cell lines in e i t h e r e p i s o m a l form or 
i n t e g r a t e d form (Durst 过 红 • ， 1 9 8 5 ; Lehn 过 丛 • ， 1 9 3 5 ； 
P a t e r & P a t e r , 1985; Y e e ^ 红 •， 1 9 8 5 ; Di Luca 过 虹 • ， 1 9 8 6 ; 
S h i r a s a w a 驻 , 1986) . In o r d e r to find out t h e p h y s i c a l 
s t a t e of H P V 1 6 DNA in the two c e r v i c a l c a r c i n o m a cell lines, 
S o u t h e r n a n a l y s i s h a s b e e n p e r f o r m e d . In t h i s a n a l y s i s , 
c e l l u l a r D N A s w e r e d i g e s t e d w i t h d i f f e r e n t restriction 
e n z y m e s w h i c h h a s n o , s i n g l e , two or m u l t i p l e c u t t i n g sites 
in t h e H P V 16 g e n o m e and then h y b r i d i z e d w i t h the HPV16 DNA 
p r o b e s . 
F o r CC2 c e l l s d i g e s t e d w i t h PstI (multi—cut) , four 
b a n d s w e r e r e v e a l e d w h i c h w e r e all H P V - s p e c i f i c . W h e n DNA 
w a s d i g e s t e d w i t h s i n g l e - c u t e n z y m e (BamHI), t h e p r e s e n c e of 
h i g h m o l e c u l a r w e i g h t b a n d and b a n d o t h e r than the 7.9 kb 
s u g g e s t e d t h e a b s e n c e of e p i s o m a l H P V DNA and also indicated 
t h e p o s s i b i l i t y of single i n t e g r a t i o n p a t t e r n occurred in 
CC2 c e l l s . T h i s p o s s i b i l i t y w a s f u r t h e r s u p p o r t e d by the 
s i n g l e b a n d o b t a i n e d w i t h E ^ R I (two-cut) d i g e s t i o n and 
S i n d l l l d i g e s t i o n (no-cut). If m u l t i p l e i n t e g r a t i o n s had 
o c c u r r e d , s e v e r a l b a n d s w i t h high m o l e c u l a r w e i g h t would 
a p p e a r in DNA cut w i t h iiind工工工 w h i c h d i g e s t s c e l l u l a r DNA a七 
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several sites. In conclusion, as more than one copy of HPV 
p e r diploid cell was detected, HPV16 DNA was believed to be 
p r e s e n t in the CC2 cell as integrated form in a single site 
with probably 'head to tail» tendem repeats and subgenomic 
rearrangements• 
In the CC3/CUHK3 cells, on the other h a n d , the 
result of southern analysis was quite different. when 
CC3/CUHK3 DNA was digested with multi-cut enzyme (£^工）, 
the absence of some HPV related bands and the presence of 
other bands with different molecular weight compared to the 
HPV prototype indicated the occurrence of deletion and 
genome rearrangement. The two band pattern resulting from 
(single-cut) digestion which lack the 7.9 kb band 
excluded the occurrence of episomal form of HPV 16 DNA in 
these c e l l s . The thick and unique band obtained from two-cut 
enzyme (EcoRI) revealed the existence of repeated sequences. 
When the cellular DNA was digested with Hindlll, several 
bands of high molecular weight appeared which indicated the 
possibility of multiple integrations. As a whole, HPV16 DNA 
m i g h t be present in the CC3/CUHK3 cells in a multiple 
integration form, with tendem repeated sequences and also 
alterations and genomic rearrangement. 
Finally, the exact pattern or sites of HPV16 DNA 
integration in the genomes of two cell lines had not yet 
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been completely elucidated. For searching for these, further 
analysis including cloning and sequencing the gene regions 
of the viral-cellular junction should be conducted. 
5.3.4 Transcriptional AN^^LVSIS of Hpy DNA in T-ho 
.cervical carcinoma cell lines 
The HPV specific transcripts in the two cervical 
carcinoma cells lines were detected by the Northern blot 
h y b r i d i z a t i o n . The 4.5 kb and 1.5 kb transcripts making up 
the abundant RNA transcripts detected in CC2 and CC3/CUHK3 
cell lines were also commonly detected in other cervical 
carcinoma cell lines (Smotkin and Wettstein, 1986; Baker 驻 
— 1 9 8 7 ; Shirasawa 娃 , 1988; Spence, ^ 红•，1988). 
When comparison was made between the results obtained by 
using the H P V entire genome and the subgenomic fragments as 
p r o b e s , it was found that intense signals with the size 
about 4.5 kb were present in both analysis. The reason for 
the absence of 1.5 kb transcripts in the hybridization with 
w h o l e HPV genome was not clear, but it is probably due to 
the high stringency used in this experiment. For detailed 
analysis of the transcriptional activity of HPV DNA, itiRNA 
should be isolated from the total RNA as these RNA species 
are the true transcripts for subsequent translation 
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processes coding for protein products. 
Moreover, hybridization with the use of different 
subgenomic probes containing regions of HPV 16 genome other 
than the E6 and E7 ORFs should be carried out for 
elucidating the complete transcriptional pattern of HPV 
sequences in two cell lines. Further analysis of the 
expressed RNA such as the location of splicing sites should 
be conducted for understanding the role of HPV DNA in these 
cervical carcinoma cells. 
133 
CHAPTER 6 CONCLUSION 
T h e e s t a b l i s h m e n t of 2 c e r v i c a l c a r c i n o m a cell lines 
CC2 a n d C C 3 / C U H K 3 , p r o v i d e d t h e m a t e r i a l s for t h e in ^ i r o 
s t u d y of c e r v i c a l c a r c i n o m a . In t h e p r e s e n t s t u d y , b o t h the 
m o r p h o l o g i c a l and p h y s i o l o g i c a l p r o p e r t i e s of t h e cervical 
c a r c i n o m a c e l l s w e r e i n v e s t i g a t e d . 
T h e c e l l l i n e s d e s i g n a t e d as CC2 and C C 3 / C U H K 3 had 
s i m i l a r m o r p h o l o g y u n d e r l i g h t m i c r o s c o p e , T E M and S E M . 
H o w e v e r , t h e C C 3 / C U H K 3 w a s found to b e m o r e a g g r e s s i v e than 
t h e C C 2 . This, p r o p e r t y c o u l d b e d e m o n s t r a t e d in (i) the 
g r o w t h k i n e t i c s s t u d y , as C C 3 / C U H K 3 h a d a s h o r t e r p o p u l a t i o n 
d o u b l i n g t i m e and h i g h e r s a t u r a t i o n d e n s i t y ; (2) t h e p l a t i n g 
e f f i c i e n c y t e s t , as C C 3 / C U H K 3 h a d a h i g h e r p l a t i n g 
e f f i c i e n c y v a l u e ; (3) t h e s p h e r o i d f o r m a t i o n a s s a y , as CC3 
c o u l d form l a r g e m u l t i c e l l u l a r s p h e r o i d s w h i l e CC2 could 
n o t . T h e s t u d y of t h e d i f f e r e n c e in c h a r a c t e r i s t i c s b e t w e e n 
t w o c e l l l i n e s w h i c h w e r e d e r i v e d from t h e same tissue 
o r i g i n w o u l d b e h e l p f u l in t h e u n d e r s t a n d i n g the 
r e l a t i o n s h i p s a m o n g i n v a s i v e n a t u r e , a g g r e s s i v e p r o p e r t y and 
d i f f e r e n t i a t i o n s t a g e in the c e r v i c a l c a r c i n o m a c e l l s . 
I m m u n o c y t o c h e m i c a l s t u d y of k e r a t i n showed the 
p o s i t i v e r e s u l t s in two cell lines w h i c h f u r t h e r confirmed 
t h e e p i t h e l i a l o r i g i n of two c e l l l i n e s . In a d d i t i o n , by 
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using the immunoperoxidase staining technique, HPV capsid 
antigens were demnonstrated in both two cell lines. 
Detection of HPV DNA sequences in both cell lines 
were accomplished by various hybridization techniques 
including dot blot hybridization. Southern blot 
hybridization and in M t u hybridization. All of these 
methods demonstrated the presence of HPV DNA in two cell 
lines. 
Moreover, copy number estimation and Southern 
analysis revealed that HPV was present in two cell lines in 
the integration form. It probably integrated in the genome 
of CC2 in a simple integration pattern, with deletion in 
early and late gene regions, subgenomic amplification and 
rearrangement. On the other hand, in CC3/CUHK3, HPV was 
showed to integrate in the host cell genome with a complex 
integration pattern, probably at multiple integration sites, 
with early and late gene deletions, and had tendem repeated 
sequences. Furthermore, the copy number of HPV was about 
twofold higher in CC3/CUHK3 than that of the CC2 cells. 
Preliminary study of the transcriptional activity of 
HPV DNA in two cell lines indicated the presence of HPV 
specific transcripts. Further investigations including mRNA 
analysis, gene expression studies as well as cloning and 
sequencing are important for elucidating the role and 
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s i g n i f i c a n c e of H P V in the cervical carcinoma c e l l s . 
A s a w h o l e , the m o r p h o l o g i c a l , p h y s o l o g i c a l , 
i m m m o c y t o c h e m i c a l and m o l e c u l a r studies of two cervical 
carcinoma cell lines provided us d i f f e r e n t informations 
a b o u t cevical carcinoma cells and the related H P V sequences 
in t h e s e c e l l s . H P V was shown to h a v e d i f f e r e n t integration 
p a t t e r n s and subgenomic r e a r r a n g e m e n t in two cell lines. 
W h e t h e r these d i f f e r e n c e had d i r e c t effect on the cell 
c h a r a c t e r i s t i c s such as i n v a s i v e n e s s , aggressiveness and 
d i f f e r e n t i a t i o n s t a g e , or v i c e v e r s a , needs a lot of further 
i n v e s t i g a t i o n s . 
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rirj.S S E M Of CC2 c e l l s h o w i n g t h e f l a t t e n e d c e l l 
(F) and r o u n d c e l l (C). T h e c e l l s a r e 
a t t a c h e d to t h e s u b s t r a t u m b y l o n g a n d 
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c y t o p l a s m i c p r o c e s s e s (CP) • B a r = l〇/im. 
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cy t.o]Tl asir.i c p r o c c s s o s (CP) a r e i n t e r c o n n e c t e d 
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1 /m. 
I- i (J. 1.; A hirjh n a g n i f i c a t i o n of C C 2 c e l l u n d e r T E M 
sho\sinq t h e a b u n d a n t e n d o p l a s m i c 
r o t i c u l u m E R ) , t o n o f i l a m e n t s (Tf) a n d 
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I.’irj.l5 T E M of C C 3 / C U H K 3 c e l l s h o w i n g a b u n d a n t 
t o n o f i l a n o n t G (Tf) a n d i n t e r c e l l u l a r 
d o s m o G o m o s ( a r r o w s ) • M i c r o v i l l i a r e 
i n t c r d i r j i t a t e d b e t w e e n a d j a c e n t c e l l s 
( a r r o w h e a d ) • B a r = 1/^m. 
F i q . 10 A high iTtacjn 1 f i c a t i o n of a CC3 c e l l s h o w i n g t h e 
i iitracytoplasmic d e s m o s o m e s (ID) a n d 
to not： i l a m o n t s (Tf). B a r = 0.5/im. 
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F i g . 1 7 S L M of a CC2 c e l l s g r o w i n g on c o l l a g e n g e l (G) 
s m a l l c e i l s h e e t (CS) a r e f o r m e d a t d a y 3 
a f t e r s e e d i n g on c o l l a g e n g e l . N u m e r o u s 
1-ilopodia at thG periphery of the cell sheet 
a r e a t t a c h e d to t h e c o l l a g e n f i b e r s ( a r r o w s ) . 
Bar 二 lO/m. 
；i q . 18 S K M ot s i n g l e CC2 c e l l s h o w i n g n u m e r o u s 
c y t o p l a s m i c p r o c e s s e s (CP) e x t e n d i n g f r o m t h e 
coil G and n u n c r o u s f i l o p o d i a (arrov/s) a r e 
a t t a c h o d to t h e c o l l a g e n f i b e r s (G) • B a r 二 




































































！ S E M o[ C C 2 c e l l s a f t e r 5 d a y s c u l t u r e s h o w i n g 
t h e l a r g e c c i l s h e e t f o r m a t i o n . B a r 二 1 0 / m . 
flH^HHH^H 
,-1^.20 S E M of C C 3 / C U H K 3 c e l l g r o w i n g on c o l l a g e n g e l 
s h o w i n g the f l a t t e n e d c e l l s h a p e a n d 
n u n o r o u s s u r f a c e m i c r o v i l l i o n t h e c e l l 
s u r l a c e . C o n t i g u o u s c e l l s a r e c l o s e l y a p p o s e d 
(arrov.'hoads) . E3ar = lO/im. 
SKM of C C 3 / C U n K 3 c e l l s g r o w i n g o n c o l l a g e n g e l 
(G) s h o - . v i n r j t h e f i l o p o d i a e x t e n d i n g f r o m t h e 
n a 叩 n of t h e c e l l (C) a r e a t t a c h e d t o t h e 
c o l l a g e n f i b e r s ( a r r o w h e a d ) . B a r 二 5/xm. 

F i g . 2 2 T E M of CC2 c e l l s g r o w i n g o n c o l l a g e n g e l (G)• 
T h e u p p e r c e l l s a r e f l a t t e n e d (FC) w h i l e 
c e l l s of b a s a l l a y e r a r e p o l y g o n a l ( P C ) . 
Microvilli (arrows) are interdigitated 
bctv/oon c e l l s a n d c y t o p l a s m i c p r o c e s s e s 
a r o p e n e t r a t i n g i n t o t h e c o l l a g e n g e l 
(arrov.'hcad) • B a r = 5 / m . 
A h i g h m a g n i f i c a t i o n of T E M s h o w i n g t h e i n t e r -
c o n n e c t e d p o r t i o n of CC2 c e l l s g r o w i n g on 
col laqcn cjcl . M i c r o v i l l i (Mv) are 
i n t c r d i q i t a t o d a n d d e s m o s o m e s (arrov/) a r e 
f orr.od at c o l 1 c o n t a c t . B a r = l^iT^. 
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F i g . 2 4 T E M of a C C 2 c e l l g r o w i n g o n c o l l a g e n g e l (G) 
s h o w i n g s c a t t e r e d b u n d l e s of t o n o f i l a m e n t s 
(Tf) S o m e d e n s e b o d i e s a r e f o u n d in t h e 
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TF-M sliov/ing C C 3 / C U H K 3 c e l l s g r o w i n g o n c o l l a g e n 
c^ol (G) s h o w i n g t h e i n t e r d i g i t a t e d 
m i c r o v i l l i (Mv) a n d d e s n i o s o m e s ( a r r o w ) . B a r = 
1 lim. 
V i rj. 2 G TI'M of C C 3 / C U H K 3 c e l l s h o w i n g t h e p r e s e n c e of 
d G H G o b o d i e s (0) a n d s c a t t e r e d t o n o f i l a m e n t s 
( a r r o v . - h G a c l s ) . B a r = 0 . 5 " m . 
i . , i c 丨 A h i g h i r . a r j n i f i c a t i o n o f a C C 3 / C U H K 3 c e l l 
s h o w i n g t h e t o n o f i l a m e n t s (Tf) a n d d e n s e 
b o d i e s (D) . B a r - 0 . 2 5/im. 
義詧 
F i g . 2 8 D i a g r a m s h o w i n g t h e g r o w t h k i n e t i c s of t h e C C 2 
c e l l a t p a s s a g e 5 5 . T h e c e l l s h a v e 
p o p u l a t i o n d o u b l i n g t i m e of 72 h o u r s . 
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I . , 巧 D i a g r a i . showing the g r o w t h k i n e t i c s of 
CC3/CUHK3 cells at p a s s a g e 57. T h e c e l l s 
have popul^ition d o u b l i n g t i m e of 42 h o u r s . 
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i.、巧.30 D i a g r a m s h o w i n g t h e g r o w t h k i n e t i c s of 
f i b r o b l a s t s g r o w n in R P M I s u p p l e m e n t e d w i t h 
5% and 10% F C S . 
NUMBER OF CELLS ( X I 0 � 
o S S S f e S S 名 g s § 
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D i a g r a m s h o w i n g t h e c o m p a r i s o n of t h e g r o w t h 
K i n e t i c s of tv.’o c e r v i c a l c a r c i n o m a c e l l l i n e s , 
CC2 and C C 3 / C U H K 3 to t h e f i b r o b l a s t s in 
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T I M E ；
 ( D A Y S ) 
v i q . 3 2 D i a g r a m shov;ing t h e g r o w t h k i n e t i c s of t h e 
c c ] l l i n e s , CC2 , C C 3 / C U H K 3 a n d f i b r o b l a s t s in 
modiuin R P M I s u p p l e m e n t e d w i t h 10% F C S . 
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r i G . 3 3 D i a g r a m s u m m a r i z i n g t h e g r o w t h k i n e t i c s of C C 2 , 
CC3/CUIIK3 and f i b r o b l a s t s in m e d i u m 








































































































I.iq.3'； L i g h t n i c r o g r a p h of C C 2 c e l l s s h o w i n g t h e 
t-ormati on of c e l l a g g r e g a t e s a f t e r 2 d a y s 
c u l t u r e . G o m e s i n g l e c e l l s a r e s t i l l f o u n d 
(arrov.-hcad) . B a r 二 2 5^m. 
V i q . 3 ^  L i g h t inicrocjraph of C C 2 c e l l s s h o w i n g t h e 
foririat ion of c e l l a g g r e g a t e s a t t h e f i f t h d a y 
a ttcr i n i t i a t i o n of s p h e r o i d g r o w t h . B a r = 
o r , , . 
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F i g . 3 6 L i g h t ir.icrograph of C C 2 c e l l s s h o w i n g t h e 
c e l l a g g r e g a t e s f o r m e d a t d a y 7 . B a r 二 2 5卵 . 
Firj. 3 7 L i g h t m i c r o g r a p h of C C 3 / C U H K 3 c e l l s s h o w i n g 





F i g . 3 8 L i g h t m i c r o g r a p h of C C 3 / C U H K 3 c e l l s s h o w i n g 
t h e s p h e r o i d s forued a t d a y 7 . B a r 二 
F i g . 3 9 L i g h t m i c r o g r a p h of C C 3 / C U H K 3 c e l l s s h o w i n g 
t h e l a r g e s p h e r o i d a t d a y 1 2 . B a r 二 2 5/im. 
Hi 
F i q . 4 0 L i g h t m i c r o g r a p h s h o w i n g t h e c o m p a r i s o n of 
t h e sphcr-oid f o r m a t i o n in C C 2 c e l l s (A) a n d 
C C 3 / C U H K 3 c e l l s (D) at d a y 7 . B a r 二 2 5 / m . 
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F i g 乂 1 L i g h t m i c r o g r a p h of a C C 3 / C U H K 3 s p h e r o i d 
s t a i n e d w i t h t o l u d i n e - b l u e s h o w i n g t w o 
d i s t i n c t l a y e r s . N e c r o t i c c e l l s a r e a t t h e 
c e n t r e (H) a n d l i v i n g c e l l s a t t h e o u t e r l a y e r 
a r c i n t a c t (C) • V e s i c u l a r c e l l s a r e f o u n d 
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F i g . 4 2 S E M of a C C 3 / C U H K 3 s p h e r o i d s h o w i n g t h e c l o s e l y 
a p p o s e d c e l l s on t h e s u r f a c e . B a r 二 IOMTR. 
l.-ig.4 3 A h i g h m a g n i f i c a t i o n of t h e s p h e r o i d s h o w n in 
Fig.4 2 . T h e r o u n d , a c t i v e d i v i d i n g c e l l s (R) is 
p r o t r u d i n g f r o m t h e s u r f a c e of t h e s p h e r o i d (S) 
and n u m e r o u s s u r f a c e m i c r o v i l l i (Mv) a r e s e e n . 
Bar 二 1•人m. 
！ W ^ 、 〜 ’ ‘�. U ’、：、、 • ^ j R ^ r : 
F i g . 4 4 T E M of t h e p o l y g o n a l c e l l s a t t h e o u t e r l a y e r 
of t h e s p h e r o i d . I n t e r c e l l u l a r s p a c e (S) a r e 
o c c u p i e d b y t h e i n t e r d i g i t a t e d m i c r o v i l l i . 
Desmosomes are found between m i c r o v i l l i of 
c o n t i g u o u s c e l l s ( a r r o w s ) • B a r = llJ.m. 
YIG.4 5 TEM of t h e c e n t r a l p o r t i o n of t h e s p h e r o i d 
shov.'ing t h e a p p e a r a n c e of a p y k n o t i c 
n u c l e u s (N) a n d d i s o r g a n i z e d c y t o p l a s m (C) • 
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F i g . 4 6 L i g h t n i c r o g r a p h of t h e m e t a p h a s e c h r o m o s o m e s 
of a C C 2 c e l l a t p a s s a g e 5 5 . G i e m s a s t a i n . 
F i g . 4 7 L i g h t m i c r o g r a p h of t h e c h r o m o s o m e s p r e a d of a 
C C 3 / C U H K 3 c e l l a t p a s s a g e 5 7 . G i e m s a s t a i n . 
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F丄CJ.48 T h e d i s t r i b u t i o n of c h r o m o s o m e n u m b e r of t h e 



























Fig./.9 T h e d i s t r i b u t i o n of c h r o m o s o m e n u m b e r of t h e 





















F i g . 5 0 T h e c o m p a r i s o n of t h e d i s t r i b u t i o n o f 
c h r o m o s o m e n u m b e r in 100 s p r e a d s of t h e C C 2 
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F i g . 5 1 I m m u n o p e r o x i d a s G s t a i n i n g of C C 2 c e l l s o n 
c o v c r s l i p w i t h a n t i - k e r a t i n a n t i b o d y . In 
p o s i t i v e r e a c t i o n , i n t e n s i v e l y s t a i n e d 
r e a c t i o n p r o d u c t s a r e f o u n d in t h e n u c l e i of 
t h e c e l l s (八 & 13); w h i l e in n e g a t i v e c o n t r o l , 
t h e r e a c t i o n p r o d u c t a r e c o m p l e t e l y a b s e n c e 
(C) . B a r 二 5 0 / m . 
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F i g . 5 2 L i g h t m i c r o g r a p h of i m m u n o p e r o x i d a s e s t a i n i n g 
of C C 3 / C U H K 3 c e l l s g r o w i n g o n c o v e r s l i p 
w i t h a n t i - k e r a t i n a n t i b o d y . I n t e n s i v e l y 
s t a i n e d r e a c t i o n p r o d u c t s a r e f o u n d in (A) a n d 
(B), a n d n o n e is f o u n d in t h e c o n t r o l (C). B a r 
= 2 5/im. 
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F i g . 53 工mmunopeiToxidase s t a i n i n g of C C 2 c e l l s g r o w i n g 
on c o v e r s l i p w i t h a n t i - B P V a n t i b o d y . N o t e t h e 
c o n t r a s t b e t w e e n t h e n u c l e u s a n d 
c y t o p l a s m (A) a n d i n t e n s i v e l y s t a i n e d 
n u c l e i ( a r r o w h e a d s ) in s o m e c e l l s (B) • 
N e g a t i v e r e a c t i o n is s h o w n in c o n t r o l (C) w h e r e 
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F i g . 5 4 Immun〇per〇xidase s t a i n i n g of CC3/CUIiK3 c e l l s 
g r o w i n g o n c o v e r s l i p w i t h a n t i - B P V 
a n t i b o d y . I n t e n s i v e n u c l e a r s t a i n s 
( a r r o w h e a d s ) a r e f o u n d in s o m e c e l l s (A) & (B), 
w h i l e in c o n t r o l (C) , n o r e a c t i o n p r o d u c t a r e 
f o u n d . A r r o w s i n d i c a t e t h e d i s t i n g u i s h a b l e 
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Fig.55 Autoradiography of a dot b l o t h y b r i d i z a t i o n . 
HPV types 6, 11, 16, 18 DNAs (2ng, Ing, 0.5ng 
& 0.25;ng) and cellular DNA extracted from 
CC2 and CC3/CUHK3 cells (Ijug) w e r e dotted onto 
four nylon filters. The dotted filters w e r e 
hybridized to HPV 6 (A) , H P V l l (B) , HPV16 
(C) and HPV18 (D) DNA p r o b e s 
respectively. ( >) represents the location 
of CC2 DNA. ( indicates the p o s i t i o n of 
CC3/CUHK3 D N A . 
i I f j 
I 
叫 2 1 0.5 0.25 CC2 CC3/CUHK3 
H P V 6 H H 眷 眷 > -








Fig.56 Autoradiography of another dot b l o t 
hybridization showing strong signals w e r e 
obtained when hybridized to HPV16 DNA p r o b e s . 
HPV6, H P V l l , HPV16 and HPV18 DNAs (2ng & Ing) 
were used as controls, and 2.5/zg of cellular 
DNAs from CC2 and CC3/CUHK3 cells w e r e 
u s e d . 
2ng ing 2.5pg 
HPV6 A C C 2 
HPVll • C C 3 / C U H K 3 
HPV16 
HPV18 
Fig.57 D e t e c t i o n of H P V DNA in c e r v i c a l c a r c i n o m a 
cells by s o u t h e r n b l o t h y b r i d i z a t i o n . T h e DNA 
(20/ig) form the CC2 and C C 3 / C U H K 3 c e l l s w e r e 
d i g e s t e d w i t h P s t I , s e p a r a t e d on 1% a g a r o s e 
g e l , t r a n s f e r r e d to t h e n y l o n m e m b r a n e 
and s u b j e c t e d to s o u t h e r n b l o t 
h y b r i d i z a t i o n w i t h 32p一HPVI6 DNA p r o b e . 
Lane a: p r o t o t y p e of PstI d i g e s t e d H P V 1 6 DNA 
Lane b: C C 3 / C U H K 3 DNA d i g e s t e d w i t h P s t I 
Lane c: CC2 DNA d i g e s t e d w i t h P s t I 
(一） r e p r e s e n t s the o b s e r v a b l e b a n d s . 
a b c 
kb • 
1.8 ^ H • 
夏一 
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Fig.58 Light micrograph of in situ hybridization of 
CC2 cells with biotinylated HPV16 DNA probe in 
different m a g n i f i c a t i o n . (A) & (B) show the 
brown reaction products found in the 
nuclei of the cells (arrowheads)• (C) shows 
the negative result obtained in h y b r i d i z a t i o n 
with biotinylated pBR3 22 DNA p r o b e . Bar = 25jLxin. 
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Fig.59 Light micrograph of CC3/CUHK3 cells after in 
situ hybridization with biotinylated HPV16 DNA 
p r o b e . (A) & (B) show the brown reaction 
products appeared in m o s t of the cells 
(arrowheads) while the negative control using 
pBR3 2 2 as probe (C) only reveal the colour of 
counter-stain. Counterstain : h e m a t o x y l i n . Bar 
























































































Fig.60 Autoradiography of slot blot h y b r i d i z a t i o n of 
CC2 and CC3/CUHK3 DNA with the HPV16 DNA 
probe. H P V 6 , H P V l l , H P V 1 6 , HPV18 DNAs, CC2 DNA 
and CC3/CUHK3 DNA are serial h a l f - d i l u t e d and 
dotted onto the nylon filter. 
Colimn A 
Row 1-6: HPV6 DNA, 200pg, lOOpg, 50pg, 2 5pg, 
12.5pg, 6.2 5pg 
Row 7： pBR3 2 2 DNA, 5 0pg 
Row 8： pBR3 22 DNA, 12.5pg 
Coluirm B 
Row 1-6: HPV 11 DNA, 200pg, lOOpg, 50pg, 25pg, 
12.5pg, 6.25pg 
Row 8: DNA from normal cervical t i s s u e , 25/ig 
Column C 
Row 1-8: HPV 16 DNA, 200pg, lOOpg, 50pg, 25pg, 
12.5pg, 6.2 5pg, 3.125pg, 1.5625pg 
Colmrm D 
Row 1-6: HPV 18 DNA, 200pg, lOOpg, 50pg, 25pg, 
12.5pg, 6.2 5pg 
Row 8： CC3/CUHK3 DNA 0.25jLtg 
Column E 
Row 1-8: CC2 DNA, 20/ig, lOjLxg, 2.5/xg, 
1. 25/xg, 0. 625/xg, 0 . 3125/ig, 0 . l^g 
Column F 
Row 1-8: CC3/CUHK3 DNA, 20/ig, 5/ig, 2.5/ig, 
1.25/ig, 0.625/ig, 0.3125/xg, O.lfig 





Fig.61 Diagram showing the r e l a t i o n s h i p of 
densitometer signals and the DNA c o n t e n t . 
Linear relationship is obtained only w h e n 
DNA is in low a m o u n t . CC2 and CC3/CUHK3 DNAs 
have the similar s i g n a l - c o n t e n t r e l a t i o n s h i p 
to that of the HPV16 D N A . 
( 〇 ） : H P V 16 DNA 
( • ) ： CC3/CUHK3 DNA 
( m ) : CC2 DNA 
I 
Densitometer signal (Height of peak ) 
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F i g . 62 Southern b l o t analysis of the DNA from CC2 and 
CC3/CUHK3 c e l l s . The DNAs (20-25/xg) w e r e 
digested w i t h one of the four r e s t r i c t i o n 
e n z y m e s , separated on a 1% a g a r o s e g e l , 
t r a n s f e r r e d to nylon filter and h y b r i d i z e d w i t h 
HPV16 DNA p r o b e . 
A . Lane 1: HPV 16 d i g e s t e d w i t h PstI 
Lane 2: CC3/CUHK3 d i g e s t e d w i t h E c o R I 
Lane 3: CC3/CUHK3 d i g e s t e d w i t h Hind工工工 
Lane 4: CC2 d i g e s t e d w i t h E c o R I 
Lane 5: CC2 d i g e s t e d w i t h Hind工工工 
B . Lane 1: CC3/CUHK3 d i g e s t e d w i t h PstI 
Lane 2: CC3/CUHK3 d i g e s t e d w i t h B ^ H I 
Lane 3: CC2 d i g e s t e d PstI 
Lane 4: CC2 d i g e s t e d BamHI 
The bars r e p r e s e n t the p o s i t i o n s of PstI 
r e s t r i c t i o n enzyme fragments of H P V 16 D N A . 
The arrows indicate the origins of the l a n e s . 
The a r r o w h e a d s indicate the faint b a n d s . 
A B 
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Fig.63 The ethidium bromide stained 1.2% agarose gel 
after electrophoresis showing the distinct 
ribosomal RNAs b a n d s , 28S and 18S (arrows), 
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Fig.64 Northern blot analysis of H P V — s p e c i f i c RNA in 
cervical carcinoma cells. The total RNAs (lO/xg) 
from CC2 and CC3/CUHK3 cells w e r e separated 
on a 1.2% agarose gel and transferred to 
nylon filter. The blotted filter was 
hybridized with HPV16 DNA p r o b e . 
Lane a: PstI digested HPV16 DNA 
Lane b: PstI digested HPV18 DNA 
Lane c: total RNA of CC3/CUHK3 
Lane d: total RNA of CC2 
Bars indicate the positions of 28S and 18S 
ribosomal R N A s . 
a b e d 
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Fig.65 Northern blot analysis of total RNA from CC2 
and CC3/CUHK3 cells. The total RNAs (10-20/xg) 
extracted from CC2 and CC3/CUHK3 cells w e r e 
separated on 1.2% agarose g e l , transferred 
to nylon filter and subjected to 
hybridization with HPV16 DNA subgenomic probe 
(E6/E7 containing fragment)• 
Lane Al: 20^g CC3/CUHK3 RNA 
Lane A2: 10/xg CC3/CUHK3 RNA 
Lane B1: 20/ig CC2 RNA 
Lane. B2: 10/xg CC2 RNA 
The bars indicate the positions of 28S and 18S 
ribosomal R N A s . 
Al A2 Bl B2 
. . . 
2 8 S - • • • • l i f ^ l ^ • 
1 8 S 一 • r 刊 §•, • J:， 
參 
% • 
W • 、 
� 

CUHK L i b r a r i e s 
•••BlbBflS 
